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1. I, the undersigned, am President of Natural Link Mold Lab. I have a Ph.D. in 
Biological Sciences from the University of Alberta. I also eamed an M.S.C. in 
Mycology and B.S.C. in Zoology from the University of Alberta. My Curriculum 
Vitae is also attached as Exhibit A to this declaration. 1 regularly test sites 
treated by the Thermal Pest Eradication (TPE) process that includes air filtration, 
which is described by the above referenced patent application, by examination of 
air and surface samples to determine levels of contamination by fungi and 
bacteria. 

2. This declaration is submitted in response to the Examiner's rejection of claims 
18-23, 26-30, 36-40, and 42-43 under 35 U.S.C. § 103(a) as obvious in view of 
Forbes and Montellano in the Office Action mailed February 7, 2006. I believe 
that the obviousness of the claims is rebutted by the long-felt need for the 
invention. 

3. TPE Associates presently licenses and trains pest extermination and 
environmental services companies in the process of TPE under the name 
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ThermaPureHeat"^'^ that Is covered by the claims of the patent application. As 
will be further described below, the TPE process uses heat to destroy active 
mold growth sites and kill viable mold spores, bacteria, viruses, insects, and 
other heat-sensitive pests and organisms and then filters the heated circulating 
air. Filtering the air to remove fine particulate matter as part of ttie eradication 
process solves the long-felt problem of particulate mass in the air following heat 
remediation and, thus, the TPE process is not obvious. 

4. The need for a way to treat buildings, structures, and other enclosable areas 
contaminated by mold, bacteria, femiites, dust mites, and other microorganisms 
has been long-felt. Traditional methods to treat buildings contaminated by these 
organisms are Insufficient and may actually create a corresponding problem of 
increased bioaerosol particulate matter. 

5. For example, the traditional method to eradicate pests by tenting a building and 
filling it up with toxic gas for a period of time sufficient to kill pests, leaves behind 
dead organisms, which may continue to cause health problems, in addition to the 
more well known drawbacl^ of this treatment These include the requirements of 
significant amounts of time to be effective and that food and medication must be 
sealed off or removed. Entire buildings must be treated even if the infestation is 
localized. Additionally, this method does not eradicate all organisms including 
bacteria, mold, and certain insects. 

6. Similarly, the traditional thermal eradication method, described by the Forbes 
patent, kills wood-destroying insects like termites by applying a heated gas to 
wooden surfaces until the surface is heated to a temperature about 120''-135° F, 
which effectively kills termites. This method, however, is not effective for killing 
other organisms such as fungi and toxic molds. Further, many Insects are 
serious health hazards, even when dead, and Forbes does not disclose a 
method for removing the remaining particulates that can actually be resuspended 
into the air by the injection of heated air into the building. Thus, there is a 
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continuing need for methods to treat contaminated buildings and deal with the 
increased aerosol particulate matter found in remediated buildings. 

7. Several publications attached to this declaration also support the long-felt need. 
The first is an article by M.P. Fabian et al. titled "Ambient bioaerosol indices for 
indoor air quality assessments of flood reclamation." Aerosol Science 36 (2005) 
763-83 (Exhibit B). This paper in the Journal of Aerosol Science reports the 
results of an air quality study that was conducted in residences that were cleaned 
and reoccupled following a major regional flood. The study used several air- 
quality indices to assess the effects on common flood reclamation practices on 
indoor quality. Botii Indoor and outdoor air quality was sampled after the flooding 
occurred and after remediation efforts. The remediation efforts Included wetted 
carpets being replaced, soaked dry walls and subfloors being patched or 
replaced, sur^ces washed with bleach, and forced-air dryers applied. 

8. Most of the homes damaged by flooding had higher concentrations of airborne 
particulate matter indoors than outdoors, based on both optical counting (OPC) 
of airborne particulate matter and composite observations of volatile organic 
components (VOC). "These results are the opposite of bioaerosol concentration 
trends typically observed in houses with no water damage." The air samples 
collected in the houses reclaimed from flood damages also had significantly 
higher airborne microorganism levels than in houses with no flood damage. 

9. The Fabian paper shows that filtration of air following heat remediation is not 
obvious because it describes the problem of poor air quality following traditional 
remediation methods. The invention is not obvious in light of this peer-reviewed 
publication because it reveals the need for filtration of air to remove particulate 
matter following heat remediation. In my expert opinion, If the Invention were 
obvious, the study would consider the effects of air filtration and would likely 
suggest it as being part of the heat remediation process. This paper shows the 
non-obviousness of the invention because it describes the problem of increased 
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bioaerosol contaminants resulting from typical flood damage clean-ups and does 
not allude to nor suggest using air filtration in conjunction witii tlie drying out 
process described. 

10. Another pertinent paper is by Ralph E. Moon, Ph.D. CHMiVI, CIAQP, titled 
"Thermal Treatment: Benefits and Misconceptions of Using High Temperature 
Heat (>120° F)" (Exhibit C). This paper discusses the microbial impacts, health 
and safety consequences of high temperature (120''-160'' F) heating and notes 
that "Even after the living organism is dead, fungal spores, mycelia and 
mycotoxins still pose an allergenic concern." Page 2. "Turbulent tans assist the 
drying process; however, they also aerosolize microbial matter and dust. As a 
result, turbulence also creates potential combustible conditions by the 
emancipated dust" Pages 10-11 

11. The Moon paper is relevant because one of the safety concerns it addresses is 
dust, which is solved by the filtration step of the TPE process. This paper shows 
the non-obviousness of the invention because it describes the long-felt need for 
the invention by disclosing the safety concerns of dust and the lact that even 
dead microorganisms can be allergens, but does not suggest filtration. 

12. An article by Alan Forbess "Heat Treatment Method Provides Water 
Damage/Mold Relief," Claims May 2006 (Exhibit D) discusses the process of 
using heat to destroy organisms and the pitfalls of standard mold remedy which 
is costly and consuming. The Forbess paper shows the non-obviousness of the 
invention because it describes the long-felt need for the invention and its 
usefulness, especially In terms of cost-saving. 

1 3. The April 2006 issue of Cleaning Specialist Q&A by Jim Holland describes heat 
remediation (Exhibit E). The Holland paper describes hot-air drying in general 
and then explains the problem of sewage damage. In discussing the 
considerations of using heat remediation the author notes that it is "important to 
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remember that even though elevated temperatures kilt pathogens, the organic 
material remains and may result In major odor problems over time." With regard 
to using heat to assist in mold remediation, the author claims that killing mold 
spores "probably would still not be an acceptable technique for treating mold in 
crawlspace since the 'dead organisms' are stiil problematic." The paper also 
quotes "The medical effects of mold exposure" by R.K. Bush et al In the Journal 
of Allergy and Clinical Immunology, Volume 1 1 ,7 number 2, pages 326-33 
(Exhibit F), "Allergic responses to inhaled mold antigens are a recognized fact In 
lower airway disease (I.e., asthma).' Also quoting that article, hypersensitivity 
pneumonitis "is an uncommon but Important disease that can occur as a result of 
mold exposure." These conditions can both result from dead spores killed by 
heat, but left In the building. In my opinion, this paper shows the non- 
obviousness of the invention because it describes the long-felt need uniquely 
solved by this invention and does not recognize the use of air filtration in 
conjunction with the heat remediation process. 

14. "Airborne Particle Sizes and Sources Found In Indoor Air" by M.K. Owen et al. in 
the Atmospheric Environment, Vol 26A, No 12 pp 2149-2162 (1992) (Exhibit G). 
This peer-reviewed paper looks at the indoor aerosols including the mechanics of 
deposition in the lungs and the dynamics that influence particles. The article 
surveys information about indoor aerosols, particularly particle sizes. This paper 
is pertinent to the case at hand because It discusses the health implications of 
inhaling indoor aerosols. "Bioaerosols, including bacteria and viruses, present 
special health hazards due to the risk of infection." Page 2149. The paper 
describes aerosol fonnatlon and explains that resuspension, large solid particles 
reentering the air, can occur with sweeping or in-breezes. My opinion is that this 
paper shows the non-obviousness of the invention because it describes the 
impact of bioaerosol particulate matter, which, as discussed above, is Increased 
in concentration after traditional remediation efforts. 
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15. The TPE process described in the patent application addresses this long-felt 
need by effectively killing organisms in enclosures, eliminating substantially all 
such organisms, in a manner that Is non-toxic, and can be performed in a 
relatively short time, Is clean, dry and odorless, and removes a large proportion 
of the dead organisms. The invention solves a long-felt unresolved need, and 
therefore one may infer that the invention Is nonobvious. if it were obvious, 
someone would have previously developed the invention to solve the need. 

16. As a microbial expert, I am well aware of the other processes that are available 
for eradication of organisms. Based upon the testing I have done and my own 
familiarity with the Industry, I am of the opinion that, prior to the intrxjdudlon of 
the ThermaPureHeat™ process, no pnsoess or service existed tt>at solved the 
problem of eradicating contamination, in particular filtering the air to collect the 
airborne particulate matter left behind after traditional eradication methods. The 
failure of others to determine a solution for the long-felt need assists in 
establishing that the solution was nonobvious. 

17. In light of the long-felt need for a method to safely and effectively eradicate 
contaminants from buildings, I believe that the claims of the patent application 
are not obvious in view of the prior art cited in the Office Action dated February 7, 
2006. 
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18. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or Imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
false statements may jeopardize the validity of the application or any patent 
issued-thereon. 





Dr. Sean Abbott, Ph.D. 



Date 
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CURRICULUM VITAE 
SEAN P. ABBOTT 

revised November 08, 2005 



Academic Record/ Education 

2000 Ph.D. (Fungal Systematics) Dept. of Biological Sciences, 

University of Alberta, Edmonton, AB, Canada 

1 992 M.Sc. (Mycology) Dept. of Botany, 

University of Alberta, Edmonton, AB, Canada 

1989 B.Sc. (Specialization Zoology) Dept. of Zoology, 

University of Alberta, Edmonton, AB, Canada 



Awards/ Scholarships 



Name of Scholarship or Award 


Aeencv or Institution 


Date 




Myron Backus Award 


Mycological Society of America 


1999 




Luella K. Weresub Award 


Canadian Botanical Association 


1998 




John Macoun Travel Bursary 


Canadian Botanical Association 


1998 




Izaak Walton Killam Memorial Scholarship 


The Killam Trusts 


1998- 


-2000 


Andrew Stewart Memorial Graduate Prize 


University of Alberta 


1998 




NSERC Postgraduate Scholarship (PGS-B) 


Natural Sciences and Engineering 


1996- 


1997 




Research Council of Canada 






Walter H. Johns Graduate Fellowship 


University of Alberta 


1996- 


1997 


Challenge Grants in Biodiversity 


Alberta Conservation Association 


1996- 


1998 




And U of A Biological Sciences 






NSERC Postgraduate Scholarship (PGS-1&2) 


Natural Sciences and Engineering 


1989- 


1991 




Research Council of Canada 






Walter H. Johns Graduate Fellowship 


University of Alberta 


1990- 


1991 


Northern Science Training Grant 


Boreal Institute for Northern Studies 


1989- 


1990 


Graduate Faculty Fellowship 


University of Alberta 


1989- 


1990 


NSERC Undergraduate Student Research Award 


Natural Sciences and Engineering 


1988 






Research Council of Canada 






Undergraduate Scholarships (2) 


Province of Alberta 


1986- 


1988 


Alexander Rutherford Scholarships (2) 


Province of Alberta 


1981- 


1983 
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Summary of Employment Experience 

Nov 2001 - present President, Natural Link Mold Lab, Inc., July 2004 - present (formerly Analytical 
Director, akaMOLDLAB, Nov 2001 - July 2004), 390 Freeport Blvd. Unit 3, 

Sparks, NV 89431. 

• Oversee mycology/microbiology laboratory, primarily centered on indoor fungal 
contamination and lAQ. 

• Responsible for maintaining laboratory quality and integrity of analytical 
procedures. 

• Teaching and training; claisses workshops, presentations and curriculum 
development for training programs of private and public groups as well as 
internal company staff training. 

• Consulting for industry organizations for development of reliable processes and 
practices in the field of environmental microbiology. 

• Legal consulting/expert witness for various law firms nationwide. 

• R&D; efficacy testing of new technologies and processes, antifungal product 
testing, project consultation, etc. 

Jan 2000 - Oct 2001 Director of Analytical Operations (Mar 2001)/ Senior Mycologist, Environmental 

Microbiology Laboratory, Inc., 1800 Sullivan Ave., Suite 209, Daly City, California 
94015 (D. Gallup, President). 

• Oversee operations of a rapidly expanding analytical laboratory in the field of 
indoor fungal contamination and aerobiology. Responsible for maintaining high 
quality mycological analysis and helping to set industry standards in this new and 
growing field of environmental mycology. 

• First full-time analyst at Daly City lab (Jan 2000), Laboratory Manager (May 
2000). 

• During tenure as Laboratory Manager/Director, increased volume (gross monthly 
revenue) by 600%. Growth achieved by matching industry growth through 
aggressive hiring and training of quality personnel, improving client support and 
education, expansion of services, evaluation of costs and streamlining of 
analytical processes. 

Aug. 1998 - Dec 1999 Director, Novobios Ltd. 

• one-third partner of small business involved with biological technologies and 
consulting, including fungal biodiversity inventories, microbial contamination 
assessment and orchid micropropagation. 

Jan 1996 - Dec 1999 Research Associate/Consultant, Casual, University of Alberta Microfungus 

Collection and Herbarium (L. Sigler, Professor) and U of A Devonian Botanic 
Garden (D. Vitt, Director). 

• consulting projects involving airborne molds as biological hazards, indoor 
microbial contamination, fungal identification (UAMH) and orchid collection 
management and horticulture (DBG). 

Feb 1992 - Dec 1995 Mycologist/Research Associate, University of Alberta Microfungus Collection and 
Herbarium (L. Sigler, Professor). 

• research projects on fungal systematics, anamorph-teleomorph connections of 
Ascomycetes and Basidiomycetes, airborne molds as biological hazards, 
opportunistic human pathogens, etc. 

• experience with maintenance of a living culture collection. 

Jan 1989 - Sep 1989 Research Assistant, University of Alberta Devonian Botanic Garden (R. Currah, 
Professor). 

• research projects on zoophilic Ascomycetes, holomorph studies of Cystoderma, 
Boletaceae and Cantharellaceae flora of Alberta. 

May 1988 - Sep 1988 Research Assistant, University of Alberta Devonian Botanic Garden (R. Currah, 
Professor). 

• taxonomy of Alberta ectomycorrhizal fungi. 
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II 



May 1987 - Sep 1987 Research Assistant, University of Alberta Devonian Botanic Garden (R. Currah, 
Professor). 

• floristics of Alberta Ascomycetes. 

May 1986 - Sep 1986 Seasonal Horticulturalist, University of Alberta Devonian Botanic Garden (G. Ford, 

Assistant Director). 

• horticulture and floristics of native Alberta vascular plants. 

Academic Teaching 



1 999 EOT 306 Biology of the Fungi (R. Currah), 1 lecture 

1998 MMI 427 Medical Mycology (L. Sigler), 3 lectures 

1998 BIOL 108 Introductory Biology (R. Currah), 1 lecture 

1998 BOT 306 Biology of the Fungi (R. Currah), 1 lecture 

1997 BIOL 108 Introductory Biology (R. Currah), 1 lecture 

1 996 MMI 427 Medical Mycology (L. Sigler), 2 lectures 

1995 BOT 306 Biology of the Fungi (R. Currah), 2 lectures 

1994 MMI 427 Medical Mycology (L. Sigler), 1 lecture 

1992 MMI 427 Medical Mycology (L. Sigler), 1 lecture 

1992 BOT 380 Drug Plants of the World (K. Denford), 1 lecture 

Laboratory Demonstration: 

1 99 1 BOT 306 Biology of the Fungi (R. Currah) 

1 990 BOT 306 Biology of the Fungi (R. Currah) 

1 989 BOT 406 Biology of the Fungi (R. Currah) 

Extension Teaching and Public Education 

2001 -present Continuing Education (CE) credits provided for courses, workshops and presentations given 



for various agencies, including: 

American Board of Industrial Hygiene (ABIH) 

Board of Certified Safety Professionals (BCSP) 

California Association of Medical Laboratory Technicians (CAMLT/CLS) 
California Certified Laboratory Scientist (CA CLS) 
Continuing Education Center For Pest Management (DPR) 
Nevada Association of Real Estate Inspectors (NACREI) 

2002-2003 Senior instructor and microbial director for mold courses taught by National Environmental, 
Inglewood, CA, including Mold Remediation and Mold Inspector courses. 

1987-1999 I have taught over 45 courses and workshops on various aspects of biology, including 
mushroom identification, native plant identification, ornithology, natural history, orchid 
biology, etc. These courses have been offered through many agencies including: 

• Devonian Botanic Garden: Mushroom Identification (1989, 1990, 1995, 1996, 1997, 
1998). Hunting for Edible Mushrooms (\99\, 1992, 1993, 1994, 1996, 1997), Spring 
Mushrooms (\990, 1991, 1992, 1993, 1994, 1995, 1996, 1998), Fall Mushrooms {\992\ 
Intermediate Mushroom ID (1993), Identifying Alberta Wildplants (1991), Discovering 
Spring Birds (1 996), Natural History of the Sandhills at the Devonian Botanic Garden 
(1995), Orchids Galore (1999), Orchid Horticulture (1997, 1998, 1999). 

• University of Alberta Extension: Mushroom Identification (sessional lecturer 1991). 

• John Jansen Nature Centre: Mushroom Mania (spring and fall 1991, 1992). 

• Powerhouse Continuing Education: Identifying and foraging for mushrooms ( 1 996). 

• Ukrainian Cultural Centre: Spring Mushrooms (1999). 
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• Alberta Agriculture: Introductory Mushroom Identification Workshop (1987, 1 988). 

• Edmonton Mycological Society: Mycology/Botany Field Course (1989), Mushroom 
Identification (1988). 

• Fort McMurray Natural History Club: Mushroom Identification Workshop (1996). 

• Alberta Native Plant Council: Mushrooms of the Devonian Botanic Garden (1995, 1996). 

• Stony Plain Horticultural Society: Introductory Mushroom Identification Workshop 
(1988). 

• Individual Study Course: Micropropagation of Orchids from Seed (1998, 1999). 

1997-1999 Devonian Botanic Garden Master Gardener's certificate course. Invited to teach half day 
sessions on Orchid Horticulture, lectures and demonstration of techniques of 
micropropagation and orchid growing. (5 courses; Jul. 1997, Nov. 1997, Mar. 1998, Nov. 
1998, Mar. 1999). 

1987-present I have given lectures for various interest groups including: 

• University of Nevada Reno, Environmental Science and Health Seminar Series: Fungi In 
The Indoor Environment (2004). 

• University of Alberta Devonian Botanic Garden: Species conservation and orchid 
horticulture in Thailand (1998); Poisonous mushrooms and toxic molds (1996); Fungi at 
the DBG (1995). 

• Edmonton Mycological Society: Mushroom growing and natural history in northern 
Thailand (1998); False Morels (1996); Fungal photography (1991); Spring Ascomycetes 
(1990), Mycorrhizal and species-specific edibles (1988). 

• Alberta Wilderness Sportsman Club: Edible and Poisonous Mushrooms of Alberta (1999). 

• Foothills Orchid Society (Calgary): Orchid species conservation in Thailand (1999). 

• Orchid Society of Alberta: Orchid conservation in Thailand (1998). 

• Master Gardener's Club: Growing Orchids (1997). 

• University of Alberta, of Botany: Taxonomic studies of the Helvellaceae in northern and 
northwestern North America (1992). 

• EOT 1000, The U of A Dept. of Botany: A fungal feature (1990). 

• U of A Wildlife, Wildlands Seminar Series: Mushrooms and other fungi of Alberta (1990). 

• John Jansen Nature Centre Young Naturalists: Mushrooms and fiingi (1 990). 



Publications (in refereed journals) 

Sime, A.D., L.L. Abbott and S.P. Abbott. 2002. A mounting medium for use in indoor air quality spore-trap 

analyses. Mycologia 94:1087-1088. 
Abbott, S.P., T.C, Lumley, and L. Sigler. 2002. Use of holomorph characters to delimit Microascus nidicola 

and M, soppii sp. nov., with notes on the genus Pithoascus. Mycologia 94: 362-369. 
Abbott, S.P. and L. Sigler. 2001. Heterothallism in the Microascaceae demonstrated by three species in the 

Scopulariopsis brevicaulis series. Mycologia 93 : 1211-1 220. 
Lumley, T.C, S.P. Abbott, and R.S. Currah, 2000. Microscopic Ascomycetes isolated from rotting wood intiie 

boreal forest. Mycotaxon 74: 395-414. 
April, T.M., S.P. Abbott, J.M. Foght, and R.S. Currah. 1998. Degradation of hydrocarbons in crude oil by the 

ascomycete Pseudallescheria boydii (Microascaceae). Canadian Journal of Microbiology 44: 270-278. 
Abbott, S.P., L. Sigler, and R.S. Currah. 1998. Microascus brevicaulis sp. nov., the teleomorph of 

Scopulariopsis brevicaulis, supports placement of Scopulariopsis with the Microascaceae. Mycologia 

90: 297-302. 

Abbott, S.P. and R.S, Currah. 1997. The Helvellaceae: systematic revision and occurrence in northern and 

northwestern North America. Mycotaxon 62: 1-125. 
Sigler, L. and S.P. Abbott. 1997. Characterizing and Conserving diversity of filamentous basidiomycetes from 

human sources. Microbiology and Culture Collections 13: 21-27. 
Abbott, S.P., L. Sigler, and R.S. Currah. 1996. Delimitation, typification, and taxonomic placement of the genus 

Arachnomyces. Systema Ascomycetum 14: 79-85. 
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Sigler, L., S.P. Abbott, and H. Gauvreau. 1996. Assessment of worker exposure to airborne molds in honeybee 

overwintering facilities. American Industrial Hygiene Association Journal 57: 484-490. 
Currah, R.S., S.P. Abbott, and L. Sigler. 1996. Arthroderma silverae sp. nov. and Chrysosporium vallenarense, 

keratinophilic fungi from arctic and montane habitats. Mycological Research 100: 195-198, 
Abbott, S.P., L. Sigler, R. McAleer, D.A. McGough, M.G. Rinaldi, and G. Mizell. 1995. Fatal cerebral mycoses 

caused by the ascomycete Chaetomium strumarium. Journal of Clinical Microbiology 33: 2692-2698. 
Sigler, L., S.P. Abbott, and A.J. Woodgyer, 1994. New records of nail and skin infection due to Onychocola 

canadensis and description of its XQ\Qomovp\i Arachnomyces nodosetosus sp. nov. Journal of Medical 

and Veterinary Mycology 32: 275-285. 
Abbott, S.P. and R.S. Currah. 1988. The genus Helvella in Alberta. Mycotaxon 33: 229-250. 



Publications (books) 

Abbott, S.P. and R.S. Currah. 1989. The larger cup fungi and other ascomycetes of Alberta. University of 
Alberta, Devonian Botanic Garden, Edmonton. 96 Pp. 

Non-refereed Publications (published abstracts, conference proceedings, technical reports, theses) 

Chase, L., D. Hedman and S.P. Abbott, 2005. Thermal remediation: A new application of an old process. 

Facility Safety Management October: 20-23. 
IICRC (S.P. Abbott, contributing author). 2003. IICRC Standard and reference guide for professional mold 

remediation S520. Institute of Inspection, Cleaning and Restoration Certification, Vancouver, WA. 
Abbott, S.P. 2002. Microbial contamination in HVAC systems. The Construction Zone 2(9): 9. 
Abbott, S.P., D.H. Vitt, and L. Sigler. 2002. Ex-situ conservation of orchids and orchid mycorrhizal fungi at the 

Devonian Botanic Garden. Proceedings of the 16th World Orchid Conference. Vancouver Orchid 

Society, Vancouver. Pp 429. 
Abbott, S.P. 2002. Sampling for airborne molds. The Construction Zone 2(8): 23. 
Abbott, S.P. 2002. Mycotoxins and Indoor Molds. Indoor Environment Connections 3(4): 14-24. 
Abbott, S.P. 2000. Holomorph studies of the Microascaceae. Ph.D. Thesis, University of Alberta Dept. of 

Biological Sciences, Edmonton. 196 Pp. 
Abbott, S.P. 1999. Diversity of decay fungi in boreal habitats. The bio-diversity grants program biennial report 

1997/98, University of Alberta, Edmonton, P. 3. 
Abbott, S.P. 1999. Orchid source book: a procedures manual for maintenance of the orchid and epiphyte 

collection and display house. University of Alberta Devonian Botanic Garden, Edmonton. 125 Pp. 
Sigler, L., P.C. Kibsey, D.A. Sutton, S.P. Abbott, E, Zilkie, D.L McCarthy, and A. Fothergill. 1999. Monascus 

ruber, causing renal infection. Abstracts, American Society for Microbiology, 99th annual meeting, 

Chicago. Pp. 297. 

Abbott, S., I. Johnston, L. Sigler, and D. Vitt. 1999. Ex-sitti conservation of orchids and orchid mycorrhizal 

fungi at the Devonian Botanic Garden. Abstracts, 16th World Orchid Conference, Vancouver. Pp 29. 
Sigler, L., S.P. Abbott, and R.C. Summerbell. 1998. Comment on the correspondence between Dr J. Guarro and 

Dr C. Rajendran in Medical Mycology 1998; 36: 349-50. Medical Mycology 37: 79. 
Abbott, S.P., L. Sigler, and R.S. Currah. 1998. Holomorph studies of the Microascaceae: Disparate relationships 

of Scopulariopsis brevicaulis and' Scopulariopsis canadensis. Abstracts, 34th annual meeting of the 

Canadian Botanical Association, Saskatoon. Pp. 50. 
Sigler, L. and S.P. Abbott. 1998. Airborne mold analysis and microbial assessment of four schools in SW 

British Columbia. University of Alberta Microfiingus Collection and Herbarium, Edmonton. 34 Pp. 
Abbott, S.P. 1997. Diversity of decay fungi of the family Microascaceae in boreal and montane habitats. The 

bio-diversity grants program biennial report 1996/97, University of Alberta, Edmonton. Pp. 49-50. 
Sigler, L., S.P. Abbott, and J. Frisvad. 1996. Rubratoxin mycotoxicosis by Penicillium crateriforme following 

ingestion of home-made rhubarb wine. Abstracts, 96th general meeting of the American Society for 

Microbiology, New Orleans. F-22, Pp. 77. 
Sigler, L. and S.P. Abbott. 1996. Filamentous basidiomycetes from clinical sources. In: Culture collections to 

improve the quality of life (Samson et al. eds.). Proceedings of the eigth International Congress for 

Culture Collections, Veldhoven. Centraalbureau voor Schimmelcultures, Baam, Netherlands and 

World Federation of Culttire Collections. Pp. 386-389. 
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Abbott, S.P., L. Sigler, R. McAleer, and D. McGough. 1995. Fatal cerebral mycoses caused by Chaetomium 
strumarium. Abstracts, 95th general meeting of the American Society for Microbiology, Washington 
DC. F- 128, Pp. 109. 

Gauvreau, H., L. Sigler, and S.P. Abbott. 1995. Assessment of airborne molds as a biological hazard for Alberta 

commercial beekeepers. Alberta Occupational Health and Safety, Edmonton. 72 Pp. 
Abbott, S.P. and L. Sigler. 1994. Arthroconidial anamorphs of basidiomycetes. Abstracts, fifth International 

Mycological Congress, Vancouver. Pp. 1. 
Abbott, S.P. and L. Sigler. 1994. Filamentous basidiomycetes from clinical sources. Abstracts, XII congress of 

the International Society for Human and Animal Mycology, Adelaide, Australia. P05.29, Pp. D133. 
Abbott, S.P. 1 992. Systematic studies of the'Helvellaceae in northern and northwestern North America. M.Sc. 

Thesis, University of Alberta Dept. of Botany. 174 Pp. 
Abbott, S.P. and R.S. Currah. 1991. Evolutionary trends towards a hypogeous existence seen in ascomycetous 

fungi from Alberta. Abstracts, Canadian Botanical Association, Edmonton. No. 50, Pp. 34. 
McDonald, D., R.S. Currah, and S.P. Abbott. 1991. Zoophilic ascomycetes from Svalbard including a new 

genus and species in the Arthrodermataceae. Abstracts, Canadian Botanical Association, Edmonton. 

No. 53, Pp. 35. 

Currah, R.S., L. Sigler, A. Flis, and S.P. Abbott. 1989. Cultural and taxonomic studies of ectomycorrhizal fungi 
associated with lodgepole pine and white spruce in Alberta. University of Alberta Microliingus 
Collection and Herbarium, Devonian Botanic Garden, Edmonton. 100 Pp. 

Abbott, S.P. and R.S. Currah. 1988. The genus Helvella in Alberta with special emphasis on a new species in 
the sQCtion Acetabulum. Abstracts, Canadian Botanical Association, Victoria. Pp. 82. 



Invited Presentations 

Sep. 25, 2005 Invited speaker for Connections Convention and Trade Show, Las Vegas, NV. 

Lecture: Microbiology of the Indoor Environment. 

Jul. 12, 2005 Invited speaker for ThermaPureHeat-WaterOut Symposium, Phoenix, AZ. Lecture: 

Microbial Aspects of Thermal Remediation, 

Mar. 11, 2005 Invited speaker for American Indoor Air Quality Council (AmIAQ), Santa Barbara 

Chapter, Ventura, CA. Lecture: Microbial Issues Other Than Mold Affecting Indoor 
Air Quality. 

Feb. 17, 2005 Invited speaker for Environmental Solutions Association (ESA), First Annual 

Conference, Atlantic City, NJ. Lecture: Microbiology Sampling Methods and Data 
Interpretation, 

Jun. 4, 2004 Invited speaker for Precision Environmental/ThermaPure, Ventura, CA. Lecture: 

Why Heat? Microbial Aspects of Thermal Remediation, 

Oct. 24, 2003 Invited speaker for American Indoor Air Quality Council (AmIAQ), Santa Barbara 

Chapter, Inaugural Meeting, Santa Barbara, CA. Lecture: S-520 - The New IICRC 

Standard for Mold Remediation: A Status Report. 

Jul. 3 1 , 2003 Invited speaker for USDA Rural Development, Multi-family Housing Owners & 

Managers Policy Meeting, Carson City, NV. Lecture: Fungi In Indoor Environments. 

June 14, 2003 Invited speaker for American Institute of Architects, Burbank, CA. Lecture: Mold: 

The Causes, The Consequences, The Cure And "Cooking The Mail, 

May 1 7, 20*03 Invited speaker for Nevada Association of Certified Real Estate Inspectors 

(NACREI), Reno, NV. Lecture: Investigationg Fungal Contamination in Indoor 
Environments, 
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Nov. 21, 2002 Invited speaker for the Association of Applied IPM Ecologists, 2" School and Urban 

IPM Workshop, Elk Grove, CA. Lecture: Integrated Pest Management: Control of 
Insects and arthropods vectors of sporedispersal in fungi. 

Nov. 6, 2002 Invited speaker for American Indoor Air Quality Council, Los Angeles, CA. Lecture: 

The HEAT is on: Insects and other arthropods as agents of vector-dispersal in fungi. 

Oct. 24, 2002 Invited speaker for Ventura County Coastal Association of Realtors, Oxnard, CA. 

Lecture: Mold contamination in buildings: Health, legal and remedial Issues. 
Welcome to the kingdom Fungi. 

Oct. 16, 2002 Invited speaker for National Parks Service, Yosemite, CA. Lecture series on 

Integrated Pest Management. Lecture: Insects and other arthropods as agents of 

vector-dispersal in fungi. 

Sep. 12, 2002 Invited speaker for Apartment Association Southern California Cities, Long Beach, 

CA. Lecture: Fungi in indoor environments. 

July 21 , 2002 Invited speaker for Califomia Association of Medical Laboratory Technicians 

(CAMLT), Sparks, NV. Lecture series co-presented with Dr. Nancy McClenny: 
Lecture: Environmental Mycology. 

July 18, 2002 Invited panel member for CMAVLS Roundtable, Sacramento, CA. Served as 

mycology/microbiology expert for panel discussions. 

May 18, 2002 Invited speaker for Nevada Association of Certified Real Estate Inspectors 

(NACREI), Reno, NV. Lecture: Investigationg Fungal Contamination in Indoor 
Environments. 

May 4, 2002 Invited speaker for American Society for Microbiology Northern Califomia Chapter 

(NCASM), Santa Clara, CA, Lecture series co-presented with Dr. Deanna Sutton: A 
day of mycology. 

Apr. 10-1 1, 2002 Invited speaker for Western Regional Conference on Leadi Mold, Healthy Homes 

and Children's Enviroiunental Health, Berkeley, CA. Lecture: Strategies and Tools 
for Conducting Environmental Assessments: Chair of Technology Demonstrations 
and Discussions session for the Workshop on Developing, Managing and Financing 
a Healthy Homes Program. 

Invited speaker for American Industrial Hygiene Association Southern Califomia 
Chapter, Long Beach, CA. Lecture: Mold/Fungi sampling techniques, data 
interpretation and guidelines. 

Invited speaker for Rocky Mountain Center for Occupational and Environmental 
Health, University of Utah, Denver, CO. Lecture series: Indoor Mold Issues: an 
overview. 

Invited speaker for Rocky Mountain Center for Occupational and Environmental 
Health, University of Utah, Salt Lake City, UT. Lecture series: Indoor Mold Issues: 
an overview. 

Invited speaker for IHI Environmental, Salt Lake City, UT. Lecture: The biology of 
indoor molds. 

Invited speaker for Safe Environments & Precision Works, Inc., San Mateo, CA. 
Lecture: Mold contamination in buildings: health, legal and remedial issues. 



Oct. 19, 2001 

July 13, 2001 

Apr. 20, 2001 

Apr. 19, 2001 
Apr. 6, 2001 
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Mar. 29-30, 2001 Invited speaker for American Industrial Hygiene Association Arizona Chapter, 

Phoenix, AZ. Lecture series co-presented with Dr. Phil Morey: Advanced course in 
bioaerosol investigations, 

Sep. 27, 2000 Invited speaker for the Environmental Law Forum, San Francisco, CA. Lecture: 

Indoor air quality (lAQ), moisture intrusion and microbial amplification. 

May 9, 2000 Invited speaker for SINA Environmental Educational Seminar: Mold & Fungi, 

Dublin, CA. Lecture: Mold growth in indoor environments, 

Feb. 22, 2000 Invited speaker for Benchmark Environmental Training, Mold and Indoor Air 

Quality Seminars, Freemont, CA. Lecture: Implications of fungal growth in the 

indoor environment. 

Mar. 27-28, 1998 Invited speaker for Woodlot Association of Alberta, Non-timber Forest Products 

Workshop at Olds College, Olds, AB. Lecture: Mushrooms as a non-timber 
alternative, 

June 4-6, 1993 Invited lecturer for Alberta Natural Areas Volunteer Steward Conference, hosted by 

the Natural and Protected Areas Section of Alberta Environmental Protection, at 
Seebee, AB. Lecture: Mushrooms of Alberta. 



Additional Training 

2005 Susceptibility Testing and Non-Fermentor ID (Gram-negative bacteria), workshop 

by P. Schreckenberger, sponsored by the Hardy Diagnostics, Palm Springs, CA, 
January 21, 2005. 

2000 Identification of common Penicillium species, workshop by J. Pitt sponsored by the 

National Laboratory Training Network, New Orleans, LA, April 1 1-15, 2000. 

1 999 Commercial Horticulture - Tissue Culturing, course attended through the U of A 

Devonian Botanic Garden Education Programme. 

1996 Radiation Safety Course, certificate received from Radiation Control Committee, 

Occupational Health and Safety, University of Alberta. 

1995 Digital Microscopy & the Internet and Applications of the Variable Pressure SEM 

Workshop, hosted by Nissei Sangyo Canada and Surgical-Medical Research 
Institute, University of Alberta. 

1 994 Biological Scanning Electron Microscopy Course, certificate received from Surgical- 

Medical Research Institute, University of Alberta. 

1 993 Transport of Dangerous Goods/IAT A Training Course, certificate received from 

Biosafety Officer, Occupational Health and Safety, University of Alberta. 
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Other Evidence of Scholarly and Creative Achievement 



May 6, 2004-present 



May 4, 2003-Dec 2003 

March 2003-present 
Jan 2002-present 
Jan 2003-present 
Feb 23-26, 2001 

Dec 2000 

Jul 22, 1999 

Apr26-May 1, 1999 

Dec 15-31, 1997 



Mar 26, 1997 
1987-1999 

1992-present 



Invited participant of IICRC S520 Revision Committee, inaugural meeting, San 
Diego, CA. Invited to join IICRC S520 Committee as chair of Fungal Ecology 
Committee, co-Chair of S520 Glossary Committee, and member for the Health 
Effects Committee and Tools, Equipment, Materials Committee: Preparation and 
review of final draft of revised S520 publication of fungal remediation standard. 

Invited participant of IICRC 8520 Committee meeting, Las Vegas, NV. Invited to 
join IICRC 85 20 committee member for Fungal Ecology Committee: Preparation 
and review of final draft of 8520 publication of ftingal remediation standard. 

Invited to provide scientific consultation for the Nevada Senate Subcommittee 
regarding pending mold-related legislation (SB 131, 132 in 2003; AB 303 in 2005). 

Serve as Chair of the Basic Science Committee of the Indoor Environmental Institute 
(lEI). 

Serve on the Founding Advisory Board for the American Air Quality Council 
(AmIAQ), Santa Barbara Chapter. 

Visiting scientist at the Centers for Disease Control (CDC), Atlanta, GA. Study of 
laboratory techniques and cooperative discussions with Dr. B. Fields and staff 
regardinjg testing of environmental samples for the presence of Legionella bacteria. 

Served as peer referee for grant application submitted to The National Science and 
Engineering Research Council of Canada (NSERC), application for operating funds 
for individual scientist/university professor. 

Received Certificate of Appreciation for Outstanding Volunteer Service in 
Horticulture from the University of Alberta Devonian Botanic Garden for assistance 
with establishment and maintenance of the orchid collection (1998/1999). 

Attended World Orchid Conference, Vancouver. Presented conservation poster (see 
publications). Served as conference co-organizer for the micropropagation 
demonstrations which provided the public an opportunity to learn about the complex 
laboratory requirements of orchid propagation from seed. 

Invited visiting scientist and lecturer at Maejo University, Chiang Mai, Thailand. 
Cooperative studies between the U of A Devonian Botanic Garden and Maejo 
University Faculty of Agricultural Production. Areas of focus included conservation 
of botanical biodiversity, orchid horticulture, and public education and awareness of 
natural history. 

• Final Report (Abbott, 8.P. 1998. University of Alberta Devonian Botanic Garden 
- Maejo University Dept. Horticulture Linkage Project) submitted to U of A 
Dept. Rural Economy, Faculty of Agriculture, Forestry and Home Economics, 
and the Canadian International Development Agency (CIDA), 

Ph.D. Candidacy Examination: Pass with commendation. 

I served as a registered consultant for the Alberta Poison Control Centre for cases of 
mushroom poisoning in central and northern Alberta and NWT. 

Served as peer reviewer for manuscripts submitted to Mycologia, Medical 
Mycology, The Bryologist, Canadian Journal of Botany, Mycological Research, and 
Kew Bulletin. 
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Founding member of the Edmonton Mycological Society and executive officer 
(Editor 1987-1991; Program Coordinator 1996-1999). 

Various articles submitted for newsletters and amateur publications including: 
The Kinnikinnick (Friends of the Devonian Botanic Garden): 8 articles including: 

• Abbott, S.P, 1999. The 16th World Orchid Conference. Kinnikinnick 14 
(2): 7-8. 

• Abbott, S.P, 1999. The orchid house: settling in and spreading the word. 
Kinnikinnick 14 (1): 1-3. 

• Abbott, S.P. 1998. The epiphytic garden: evolution of the orchid house. 
The Kinnikinnick 13 (2): M. 

• Abbott, S.P. 1997. A new orchid collection. The Kinnikinnick 12 (2): 1- 
3. 

• Sigler, L. and S.P. Abbott. 1996. Homemade rhubarb wine health alert. 

The Kinnikinnick 11 (3): 6-7. 

• Abbott, S.P. 1996. The incredible Stanhopea orchid. The Kinnikinnick 
10(1): 9-10. 

• Sigler, L. and S.P. Abbott. 1995. Furnace fungi and indoor molds - 
Fungi to be feared? The Kinnikinnick 9 (3): 8-9. 

Orchid Society of Alberta Newsletter: articles and notes including: 

• S.P. Abbott. 1999. The epiphytic garden: a brief history of the Orchid 
House at the Devonian Botanic Garden. 38 (3): 4-5. 

The Foothills Orchid Society Newsletter, articles and notes including: 

• S.P. Abbott. 1999. The epiphytic garden: a brief history of the Orchid 
House at the Devonian Botanic Garden. April 1999: 5-6. 

The Stinkhorn (Edmonton Mycological Society): Vols. 1-5, over 20 articles 
including: 

• Abbott, S.P. and L. Abbott. 1991 . The Alberta Verpa report. The 
Stinkhorn 5 (1): 13-18. 

• Abbott, S.P. 1991 . Pet poisonings. The Stinkhorn 5 (1): 22-23. 

• Abbott, S.P. 1991. Book reviews - Mushrooms of westem Canada. The 
Stinkhorn 5(1): 41. 

• Abbott, S.P. 1988. The genus Helvetia, The Stinkhorn 2 (1): 12. 

• Abbott, S.P. 1987. Foray at the Botanic Garden. The Stinkhorn 1(1): 14- 
15. 

• Abbott, S.P. 1987. Pholiota squarrosa poisoning. The Stinkhorn 1 (1): 
24. 

The Mycelium (Toronto Mycological Society): 1 article. 

• Abbott, S.P, 1982. Russula poisoning. The Mycelium 8 (5): 3. 

Interviewed for newspaper articles in The Construction Zone (Las Vegas, NV), The 
Edmonton Sun (Edmonton, AB), The Edmonton Journal (Edmonton, AB), The 
Devon Dispatch (Devon, AB), Folio (Edmonton, AB), The Gateway (Edmonton, 
AB), The Morinville & District Gazette (Morinville, AB), St. Albert Gazette (St. 
Albert, AB). Topics include mold contamination, wild mushrooms in Alberta, fairy 
ring mushrooms, snow mold, orchids, etc. 

Interviewed for television: KTVN Channel 2 News (Reno, NV); CFRN news 
(Edmonton, AB); ITV First news (Edmonton, AB); Channel 10 (Edmonton, AB) and 
radio: CBC *The Good Question' (Edmonton, AB); CBC (Calgary, AB) regarding 
fiingi, bacteria and orchids. 

Coordinator of "Mushroom Magic", an annual event highlighting mushrooms and 
other fungi, aimed at increasing public awareness of fungi, hosted by the Devonian 
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Botanic Garden and Edmonton Mycological Society. 

Coordinator of Devonian Botanic Garden Seminar Series. 

Schalkwyk Conference, Fungi of Western Canada, Conference Organizer (Foray 
Coordinator, Jasper National Park Liaison and Transportation Assistant 
Coordinator). Presented paper: Helvellaceae of Western Canada, 

Helped with organization of Canadian Botanical Association meeting in Edmonton, 
served on Volunteer Committee as chair of 'Registration Packages' group and as 
projectionist. 

Editor of The Stinkhorn (Edmonton Mycological Society), Volumes 1-5, a 
publication of amateur mycology in Alberta comprising articles on Alberta 
mushrooms, species lists, mycological news, illustrations by local artists, etc. 

Visiting student at the Mycological Herbarium, Royal Botanic Gardens, Kew, 
England (B. Spooner/ D. Pegler) and the International Mycological Institute, Kew, 
England (B. Sutton/ P. Cannon/ J. Pryce). 

• Independent study examining collections of Helvellaceae. 

Memberships in professional and scientific societies: 

• American Conference of Governmental Industrial Hygienists (2002-2005) 

• American Indoor Air Quality Council (200 1 -present) 

• American Industrial Hygiene Association (2001 -present) 

• American Orchid Society (200 1 -present) 

• American Society for Microbiology (2002-present) 

• Edmonton Mycological Society (1987-1999) 

• Indoor Air Quality Association (2002-present) 

• Indoor Environmental Institute (2002-present) 

• Mycological Society of America (1 996-present) 

• North American Mycological Association (1981 -present; life member) 

• Orchid Society of Alberta (1998-1999) 

• Orchid Society of Northern Nevada (2003 -present) 

• Pan American Aerobiology Association (2002-present) 

• Toronto Mycological Society ( 1 98 1 - 1 984) 



1995/96, 1998 
Sep 5-8, 1996 

Jun 23-27, 1991 

1987-1991 

Jan-Feb 1991 
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Abstract 

An air quality study was conducted in arid-region residences that were cleaned and reoccupied following a 
major regional flood (Arkansas River, Colorado, USA), This demonstration study leveraged a suite of aerosol 
measurements to assess the effects of common flood reclamation practices on indoor air quality. These assays 
included (i) optical counting (OPC) of airbpme particulate matter (0.3-5 ^m optical diameter), (ii) composite ob-. 
servations of volatile organic compounds (VOC), (iii) culturing and direct microscopic counts of airborne bacteria 
and fungi, and (iv) air-exchange rate measurements. As judged .by OPC, most of the .flood. damaged homes sur- 
veyed had higher concentrations of airborne particulate matter indoors than outdoors; the same trend was observed 
for selected VOC. When compared to large literature databases, culturing from air samples collected in houses 
reclaimed from flood damage had significantly higher airborne microorganism levels than in houses where no. 
flood damage had occurred — in many cases this difference was between two and three orders pf magnitude. As 
determined by direct epifluorescence microscopy, total airborne microorganism concentrations were 3-1000 times 
higher than those recovered by conventional culturing. In flood damaged homes, biological particles averaged 
52% of the total particles measured indoors, and 18% of the total particles measured immediately outdoors. Rel- 
ative differences between the indoor and outdoor concentrations of airborne particulate matter, microorganisms, 
and associated VOCs, suggested that flood-impacted building materials were isustaining high aerosol bioburderis and 
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contributing to poor indoor air quality more than 3 months after the structures had been reclaimed from flood 
damage. 

© 2004 Elsevier Ltd. All rights reserved. 

Keywords: Bi oaerQSOl; Indoor air quality; Fungi; Bacteria; Flood ; \ 



1. Introduction 

Poor indoor air quality has been shown to cause adverse health effects While air quality indices and 

exposure levels are well defined in terms of certain chemical compounds and particulate matter, they are 
poorly defined regarding airborne contaminants of microbiological origin. As a generic class of airborne 
pollutants, particulate matter usually associated with compounds of biological origiii is often termed 
"bioaerosol". This definition includes all airborne microorganisms regardless of viability or ability to be 
recovered by culture; it comprises whole microorganisms as well as fi-actions, biopolymers and products 

"Worn alfvarieties'of Ti^^nglhings'C^^ K6aerosols^¥n^gina^ outdoor air or" 

from internal sources such as building occupants and their activities, and building materiials that host 
microbiological growth. 

Numerous indoor air quality publications report that airborne biological particles range in aerodynamic 
diameter between 0.01 and lOO^m (ACGIH, 1999). In many indoor environments, airborne bacteria, 
fimgi and their fragments may fall into a respirable size range that can penetrate deep into human lungs 
(< 10 ^im) (Gomy et al, 2002; Reponen, Grinshpun, Conwell, Wiest, & Anderson, 2001). Higher respi- 
ratory morbidity and allergic complaints have been observed in occupants of mold-colonized structures 
in several studies (Brunekreef et al., 1989; Dales, Zwanenburg, Burnett, & Franklin, 1991; Piatt, Martin, 
Hunt, & Lewis, 1989; Strachan, 1988; Verhoefffc Burge, 1997; Verhoeff, van Wljnen, & van Brunekreef, 
1995). High airborne bacteria concentrations have also been positively correlated to adverse respiratory 
symptoms (Bjomsson et al., 1995). However, bioaerosol concentrations responsible for adverse health 
effects have not been defined. 

Airborne bacteria and fungi can be toxigenic, allergenic and/or infectious. While only complete 
microorganisms can be infectious, toxic and allergic reactions can be caused by microorganism frag- 
ments or byproducts (Burrell, 1991; WHO, 1990). Examples include endotoxin, a. compound found 
in Gram-negative bacteria cell walls (ACGIH, 1999); microbial volatile organic compounds (VOC), 
products of bacterial and fiingal metabolism (ACGIH, 1999; Miller, 1992); /?-(l-3)-D-glucans, found in 
fimgal cell walls (ACGIH, 1999); and mycotoxins, products of fiingal metabolism (Robbins, Swen- 
son, Nealley, Gots, & Kelman, 2000). Cell and spore fragments can be important sources of aller- 
gens and toxins, as their numbers can be several magnitudes higher than cells or spores released from 
building materials, depending on the species, environmental conditions and wind velocity (Gomy 
etal.,2002). 

Fungal and bacterial growth, in and on water-damaged building materials, is a potential health hazard 
and many recent reports contain evidence to support this observation (Abe & Nagao, 1996; Bardana, 2003; 
Zureik et al., 2002). The incidence of human disease has been reported to increase markedly following 
the flooding of residential areas (Marwick, 1997; MMWR, 1993a, b, 1994). While some of these diseases 
can be traced to waterbome infectious agents and to conventional disease vectors (i.e. mosquitoes), many 
cannot be linked to specific sources. In this context, there is relatively little information regarding aerosol 
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exposures within flood damaged residences to suggest an epidemiological link between exposure and 
adverse health outcomes. 

The literature concerning human bioaerosol exposures and associated regulatory limits is tenuous. 
At present, neither the US Environmental Protection Agency (EPA) nor the National Institution of 
Occupational Satety and Health (JNlUiShlj nave proposed concentration limits for bioaerosols. One of 
the earliest guidelines was proposed in 1946 which suggested that no more than 0.1-20 colony forming 
units (CFU)/ft^ should grow in 24 h in operating theatres (Topley, 1955). The American Conference of 
Govemmental Industrial Hygienists (ACGIH) reported interim indoor bioaerosol exposure guidelines 
based on culturable levels of bacteria and fungi, but these guidelines have been repealed since 1999. 
Thngft giiidelines recommended that less than lOOCFU/m^ was an acceptable level (ACGIH. 1989). 
The Health and Welfare department in Canada proposed the following guidelines: (1) 50CFU/m^ of 
one species of fungi warrants immediate investigation; (2) the presence of certain fungal pathogens is 
unacceptable; (3) 150CFU/m^ of mixed species is normal; and (4) up to 500 CFU/m^ is considered ac- 
ceptable if the species present are primarily Cladosporium Environment Canada, 1989; WHO, 1 990). The 
European Union also suggested bioaerosol concentration exposure thresholds in terms of CFU, suggesting 
guidelines for residMtialWd industnalTiwifoi^ 

reviewed European literature databases on residential indoor air quality and proposed the following res- 
idential limit values: 5 x 10^, 5 x 10^ CFU/m^, and 5ng/m^ for airborne fiingi, bacteria and bacterial 
endotoxin, respectively; the presence of pathogenic fungi is considered unacceptable in any concentration 
(Gomy & Dutkiewicz, 2002). In 1994, the New York City Department of Health issued guidelines for 
assessment and remediation of indoor fungal contamination. This report qualified recommendations in 
the context of biological indoor air quality problems with the statement "it is not possible to determine 
"safe" or "unsafe" levels of exposure,.." (NYC-DOH, 1994). To determine the presence of significant 
indoor microbiological sources, these guidelines also reconunended comparisons of the species recovered 
from standard plate counts in addition to comparing the microorganism concentrations recovered from 
parallel air samples collected indoors and outdoors. These recommendations have become standard for 
many other organizations (ACGIH, 1999; WHO, 1990), and an extensive review by Rao and Burge lists 
many organizations and the guidelines they have presented (Rao, Burge, & Chang, 1996). 

Most of these guidelines are based on baseline (bio)aerosol concentrations, without taking into account 
effects on human health (Rao et al., 1996). In addition, most studies have proposed threshold bioaerosol 
- - concentrations based on culturing assays (Reponen, Nevalainen, Jantunen, Peliifcka, & Kalliokoski, 1 992;^ 
Reynolds, Streifel, & McJilton, 1990; Robertson, 1997; Yang, Lewis, & Zampiello, 1993). Organizations 
such as NATO and WHO have concurred that, there is a need to develop more accurate and robust methods 
for characterizing biological aerosols (Maroni, Axelrad, & Bacaloni, 1995; WHO, 1990). Since many 
bioaerosol associated diseases are not dependent upon infection to induce adverse health effects, it is 
important to quantify all microbial cells that are suspended in the air, as well as differentiating between 
those that are metabolically active, those that are culturable, and those that are non- viable (Hernandez, 
Miller, Landfear, & Macher, 1999). 

A goal of this demonstration study was to compare common and emerging air quality indices observed 
in a cohort of single-family residences reclaimed after an arid-region flood, to those observed in non- 
flood impacted homes. A residential demonstration study was performed in Southern Colorado, USA, 
where, due to heavy rains, the Arkansas River flooded the city of La Junta. Both indoor and outdoor 
air was sampled several months after the flooding had occurred and after full-scak remediation efforts, 
when residents had cleaned and returned to their homes. Novel air sampling paradigms and equipment 
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were used to determine the total airborne bacteria and fungi concentrations within residences after they 
were reclaimed from flood damage; these were executed in parallel with conventional culturing assays 
using non-selective media. These concentrations, together with air-exchange rate monitoring, VOC and 
airborne particulate matter measurements, were used as evidence to determine if the reclamation efforts 
following flood damage mitigated the potential tor signiticant microorganism enrichments of mdoor air 
(i.e. higher indoor concentrations). 

2. Materials and methods 

2.1. Microbiological air quality sampling protocol 

The following protocols were applied to monitor building air-exchange rates, airborne microorgan- 
ism concentrations — both total and culturable— and critical environmental factors in.the flood-damaged 
homes. 

Airrcxchange rate s were e stimat ed usin g tracer gas tests. Thirt y min u te mo nitoring of a CO2 spike 

(and its subsequent decay) was executed in the main room of the flood-damaged residences. Following 
CO2 tracer tests, bioaerosol samples were collected in swirling liquid impingers (3 h) (Willeke, Lin, & 
Grinshpun, 1998) and conventional N6 Andersen impactors (1 or 2min) (Andersen, 1958), while total 
airborne particle concentrations in the size range between 0.3 and 5 ^m optical diameter (OD), were 
concurrently monitored for up to 4 h. Temperature and relative humidity were recorded hourly during the 
sampling campaigns. 

2.2. Residence selection 

Indoor and outdoor air samples were collected and characterized in eight single story flood-damaged 
houses and one non-flooded house. Building selection was based on similarity in extent of flood damage, 
the structure (single level), age and construction materials, as well as remediation status (complete). 
Cleaning was considered complete when wetted carpets had been replaced, soaked dry walls and subfloors 
had been patched or replaced, non-structural surfaces had been washed with bleach, and forced-air dryers 
had been applied. Air sampling was executed between 2 and 3 months following their cleaning and 
reoccupation. This coincided with the svuiuhei- season, when outdoor bioaerosol concentrations have been 
implicated as the major source of indoor bioaerosol concentrations in residential buildings (Nevalainen, 
Pasanen, Reponen, Kalliokoski, & Jantunen, 1991). Passive ventilation (open windows and doors) was 
the main method used to ventilate these residences when occupied during the summer months. 

Residents carried out their normal activities up to a couple of hours before air sampling commenced. 
Because of the short-term effects of everyday activities on indoor bioaerosol concentrations (Lehtonen, 
Reponen, & Nevalainen, 1 993), there were no human or animal activities in the residences during the sam- 
pling campaigns. Special care was taken not to disturb the residences' interiors; this practice was meant to 
minimize particle reaerosolization and provide for sampling normalization among the residences sampled. 

2.3. Environmental monitoring 

Temperature and humidity probes (Fisher Scientific, Fullerton, CA) monitored relative humidity and 
temperature hourly, both indoors and outdoors, during all sampling periods. To minimize temporal 
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variations, tracer gas studies were executed, and indoor and outdoor air Avas sampled at the same times, 
between 9 am and 2 pm, in every residence. Wind speed data and general weather conditions were obtained 
from a local meteorological station (La Junta Municipal Airport, La Junta, CO). 



2.4. Air-exchange rates 

Tracer gas tests were used to estimate air-exchange rates of the residences under the conditions mon- 
itored; these CO2 tests were modified from a widely accepted decay method (Kronvall, 1981; Winberry 
et al., 1993). The protocol for the decay test was as follows: CO2 gas was injected in the residences, and 
allowed to mix and accumulate to a level of SOOO parts-ppr-millinn (ppm) Once ^OOQppm was reached, 
CO? injection was ceased and the CO? concentration was recorded every minute until the gas had reached 
background levels (typically 800 ppm indoors). Carbon dioxide was used as a tracer because it is a non- 
reactive gas that is easy to monitor and does not pose a health threat at the concentrations used. CO2 
was measured using a Langan CO2 probe fitted with a microprocessor for continuous data acquisition 
(Langan Products, Inc. , San Francisc o, CA). _ ^ 

^fndoor air mixingwas facilitated by smalfhousehold 120 V boxfan (33 cm diameter) placed in the 
rooms sampled. To reduce the potential for spore release from building materials (Gomy, Reponen, 
Grinshpun, & Willeke, 2001; Pasanen, Pasanen, Jantunen, & Kallikoski, 1991), mixing fans were placed 
in a manner that did not direct airflow towards the walls. Fans were operated according to the following 
protocol: ON during tracer gas injection and bioaerosol sampling, and OFF during CO2 monitoring. 

2.5. Microbiologically associated volatile organic compounds (MVOC) 

Air samples for selected VOC analyses were drawn into a glass tube containing activated carbon media 
(Air Quality Sciences, Marietta, GA) using a pump (model 224-PCXR8, SKC Inc., Eighty Four, PA) 
for 4h at a flow rate of 0.2L/min, collecting 481 of air. Tubes were placed approximately 2 m above 
the ground, hanging vertically from a rack. Care was taken to place tubes away from walls or close to 
other potential VOC sources. At the end of the sampling period, tubes were shipped overnight on ice 
and analyzed with a gas chromatograph/mass spectrometer using widely accepted methods (AQS, 1997). 
Based on the laboratory equipment sensitivity and volume collected, detection limits for the compounds 
reported were 10 ng/m^. ■ — ■ 

2.6. Bioaerosol collection and analyses 

2.6.1. Swirling liquid impingers: BioSamplers 

Bioaerosol samples were collected using swirling liquid impingers according to accepted methods (Lin 
et al, 1999, 2000; Willeke et al, 1998) and manufacturer's specifications (BioSampler, SKC Inc., Eighty 
Four,' PA). The efficiency of the BioSampler filled with 20 ml of water is 79% for 0.3 jim particles, 89% 
for 0.5 ^im particles, 96% for 1 ^im particles and 100% for 2 ^m particles (Willeke et al., 1998). Particle- 
free, autoclaved 0.01 M phosphate-buffer saline (PBS) containing 0.01% Tween 80 (SIGMA, St. Louis, 
MO) was used as the collection medium in all impingers. For bioaerosol sampling, three BioSamplers 
were placed in clusters at least 1 m above the ground, indoors and outdoors. Outdoor samples were 
located at least 1 m above the ground, several meters away from open doors and windows to minimize the 
influence from indoor sources. If samplers had to be placed closer to doors, these were kept shut during 
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the experiments and alternate routes of entry were used to check.the indoor samplers. The BioSampler 
inlets were oriented such that their directions defined the points of an equilateral triangle, which provided 
multidirectional collection and reduced any near-field sampling effects the impingers may have had 
on each other. All impingers were connected to a rotary vane-type vacuum pump (rnodel 1023-1 OIQ- 
G608X, Gast Inc., Benton Harbor, MI) and collected air at a flow rate of 12.5 L/min (SD = 0.7 L/ mm). 
The vacuum pumps were operated for 5min prior sampling to assure a constant vacuum source. Flow 
rates were monitored by three 50 L/min capacity flow meters (Gilmont® Instruments, Harrington, IL) and 
calibrated with a primary standard airflow bubble meter (Gilibrator, Gilian Instrument Corp., Clearwater, 
FL). 

— DioSamplcrs w e re op e rated for a minimum of three consecutive hours during which time they collected 
99sn T . nf flir During extended BioSampler operations, the reservoir liquid evaporates, which can lead to 
collection efficiency reductions from re-aerosolization and particle bouncing (Lin et al., 1999; Willeke 
et al, 1998; Grinshpun et al., 1997; Lin et al, 1999). To keep collection efficiency constant, a sterile 
phosphate saline buffer solution was periodically added to maintain the impingers' reservoir volumes at 
the manufacturer's recommended level of 20 ml. Buffer was prepared and autoclaved in the laboratory, 
and, as a precaution7was~filteFsteriliz~ed using a Nalgene vacuum bott pore 

filter just prior to using. Approximately every 30min the pumps were turned off and any evaporated 
capture buffer was quickly replaced by injecting sterile buffer down the impingers' neck. For this study, 
which was executed in an arid region with low humidity, it was necessary to replace approximately 4 mL 
(±1 mL) of buffer every half-hour to keep the manufacturer's recommended liquid levels within the 
impingers' reservoirs. Before sampling, impingers were washed with deionized water and 70% ethanol 
and autoclaved for 1 5 min at 1 2 1 °C. Immediately after collection, samplers were stored on ice to minimize 
microorganism growth, and shipped to the University of Colorado environmental microbiology laboratory 
(within 4 h) where their contents were aseptically diluted for direct microscopy, and transfer onto agar 
plates. 

2.6.2. Microorganism enumeration: culturability assays via liquid capture 

A modification of a standard plate count method (Gerhardt, Murray, Wood, & Krieg, 1994) was used 
to enumerate culturable bacteria and fungi retained in the impinger's liquid. Within 4 h after collection, 
liquid samples from impingers were cultured on plates inoculate by a spiral dispenser (Spiral Biotech, 
Inc., Bethesda, MD) according to the manufacturer's recommendations. At least three replicates" of each 
sample were cultured. A comparison of culturable counts determined with the spiral plater, and those 
determined by standard spread plate methods, showed no significant differences between the recovery 
of these methods (based on an independent Mest, a = 0.05), and that the spiral plater method variabiHty 
was lower than that of the spread plate method (coefficient of variance (CV) was 5% lower for the spiral 
plating method, n = 10). 

For culturing assays, agar plates were prepared up to a week in advance and stored under aseptic 
conditions. Culture plates were refrigerated at 10 °C prior to use, and care was taken to avoid the drying 
effects of long exposures to room temperature or direct sunlight. Bacteria were cultured on tryptic soy 
agar (TSA) (Difco Laboratories, Detroit, MI) including 0.5% cycloheximide (SIGMA, St. Louis, MO) 
to prevent fungal grov^h (Schillinger, Vu, & Bellin, 1999). Fungi were cultured on malt extract agar 
(2% MEA) (Difco Laboratories, Detroit, MI), which is recommended by the American Conference of 
Governmental Industrial Hygienists (ACGIH) as a non-selective fiingal agar (ACGIH, 1999) including 
0,05% chloramphenicol (SIGMA, St. Louis, MO) to inhibit bacterial grov^h (Schillinger et al., 1999). 
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This broad-spectrum fungal medium has been recommended for determination of building associated 
fungi (Samson et al., 1994). Once inoculated, bacterial plates were incubated at 37 °C for 14 days, and 
CPUs counted every 3 days. Fungal media plates were incubated at 25 ""C for 14 days and CPUs counted 
every 3 days, 

2.5.3. Microorganism -enumeration of impinger reservoir contents: microscopy assays (total 
microorganism counts) 

Epifluorescence microscopic counting was used to enumerate the total numbers of bacteria and fungi 
(culturable, and non-culturable) captured in impinger samples. For microscopy, cells were stained with 

Acndme Urange (AO) (Fisher Scientific, Springfield, NJ), a nuoiesueut stain that non-sel e ctively binds 

tu nucleic acids (Ilobbic, Daley, & Jaopor, 1977), Samples for total cell counts were stained at a final 

concentration of 0.001% AO, incubated for 1 min at room temperature, and filtered through a 25 mm 
diameter black polycarbonate filter with a pore size of 0,2 ^im (Poretics, Inc., Liyermore, CA). All direct 
counts were reported based on counts from the average of 10 microscopic fields. Mounted filters were 

examined under 1000 ^ magnification using a Nikon Eclipse E400 e pifluorescence micro scope fitted with 

a mercury lamp and polarizing filters (HBO-100 W mercury lamp; F/TXRD X excitation filter; F/TXRD 
M emission filter; F/TXRD BS beamsplitter (ChromaTechnology Corp., Brattleboro, VT)). A 24-bit 
color digital camera (Spot Camera, Diagnostic Instruments, Steriing Heights, MI) capttired fluorescent 
micrographs, which were then viewed and archived using Adobe Photoshop 5.0 software (Adobe Systems, 
San Jose, CA). 

2.6.4. Microorganism enumeration: culturability assays via solid agar capture in Andersen impactors 
A one-stage N6 Andersen impactor (Graseby- Andersen Instruments, Smyma, GA) was used to compare 

impaction recovery of airborne bacteria and fungi to that obtained using BioSamplers. This stage collects 
particles with a 50% cut-oflF aerodynamic diameter {dso) of 0.65 ^im, Impactors were connected to a 
vacuum pump (model 10709, Andersen Samplers Inc., Atlanta, GA), which collected air at 28,3 L/min. 
Impactor pumps were calibrated using a bubble meter (Gilibrator, Gilian Instrument Corp., Clearwater, 
PL). Either 28.3 or 56.6 L of air were collected for each sample (1 or 2 min sample time). The impactor 
equipment was washed and sterilized with 70% ethanol prior to sampling, and the impactor was operated 

for 30 s with a sterile, HEPA filtered air to purge any microorganisms trapped fi-om previous handling. 

Blanks were included to verify sterility. Impactors were placed 1.5 m above the floor, more than 3 m from 
the BioSamplers. One indoor and one outdoor impactor sample was collected in each house. 

Agar plates loaded into the impactor were prepared according to manufacttirer's recommendations, 
and media plates were incubated and counted as previously outlined. Colony counts were adjusted with 
a positive-hole correction factor to account for the possibility of collecting multiple particles through 
single holes on the Andersen sampler stages (Macher, 1989). 

2.6.5. Total particle counts 

An optical particle counter (OPC) model 237B (Met One, Pacific Scientific Company, Chandler, AZ) 
was used to count as a fimction of size total (biological and non-biological) particles collected both 
indoors and outdoors. The particle counter was connected to a timer and solenoid valve that switched 
between indoor and outdoor sampling every minute. Sampling volume was 1.4 L, collected for 30 s at a 
flowrate of 2.8 L/min. Particle concentrations were recorded in the following size ranges on the basis of 



770 



M,R Fabian et ai /Aerosol Science 36 (2005) 763" 783 



Optical diameter: 0.3-0.5, 0.5-0.7, 0.7-1, 1-2 and 2-5 ^im. One hundred samples were collected at each 
residence, 50 indoors and 50 outdoors, over a time frame of 100 min. 



3. Results 



5.7. Environmental monitoring 

During the sampling periods (between 9 am and 2 pm, 5 h for a typical residence), temperatures indoors 
and outdoo r s increased, while relative humidity decreased. In the flood - damaged houses, relative humidity 
inHnnrg varipH hehveen 4^ and 88%. and outdoors between 31 and 85%. Temperatures varied between 
20 and 28 °C indoors, and between 17 and 35 °C outdoors. Within a single observation, the maximum 
relative humidity variation was ±7% indoors and ±19% outdoors; the maximum temperature variation 
was ±2 °C indoors and ±3.2 °C outdoors. Wind speed on the days of the nionitoring varied between 8.5 
jind 16 km/h. Based on the C02^ecay experiments, air-exchange rates in the house£^varied between 0.8 
and 3.5 air changes per hour (ACH, 1 /h). 



5.2. Microbiologically associated volatile organic compounds 

Selected VOCs were monitored as indicators of fungal metabolism (ACGIH, 1999; AQS, 1997; Miller, 
1 992 ; Pasanen, Lappalainen, & Pasanen, 1 996). VOC of possible microbial origin (MVOC) were detected 
in over half of the flooded houses tested. Three alcohols and one ketone were detected in significant 
concentrations, varying between 70 and 2710 ng/m^ The most common VOC found was 3-methyl-l- 
butanol, which has been associated with fungal growth on building materials (AQS, 1997). Other common 
MVOC found were 2-octen-l-ol, 2-heptanone, and l-octen-3-ol. Fig. 1 summarizes the type and quantity 
of MVOC observed in all houses surveyed. 
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Fig. 1 . Type and quantity of microbial volatile organic compound (MVOC) extracted from 48 L of indoor air in flood-damaged and 
control residences. All outdoor samples collected were below the VOC detection limit. BDL = below detection limit ( 1 0 ng/m^ ) . 
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Fig. 2. Average total airborne bacteria and fungi concentrations recovered from SKC swirling liquid impingers in flood-damaged 
residences, as determined by direct microscopy. Error bars represent one standard deviation, w = 3. 

5.3. BioSamplers— total airborne microorganism recovery 

In all flood-damaged houses, total indoor airborne microorganism concentrations ranged between 
8.1 X 10^ and 1.9 x lO'^cells/m^, and outdoor concentrations ranged between 3.1 x 10^ and 1.6 x 
1 0^ cells/m^ . Fig. 2 summarizes total airborne microorganism level, as defined by the sum of all bacteria, 
fiingi and spores observed in and near the houses. As judged by Mest at a 95% probability level (a =0.05), 
seven of eight flooded houses had indoor microorganism concentrations significantly higher than their 
corresponding immediate outdoor concentrations; one flooded house (house #2) didnot show a statistically 
significant difference between indoor and outdoor total microorganism concentrations, and the local 
control house had indoor concentrations significantly lower than that measured immediately outdoors. 
There was a broad diversity of microscopic cellular morphology observed in all the samples collected," 
and no general trends in morphology were observed. Propagule sizes ranged from less than 1 ^ni to over 
lO^im in diameter. Fig. 3 is an epifluorescence microscope photograph of AO-stained microorganisms 
typical of those recovered from the air inside flood-damaged houses. 

3 A. SKC liquid impingers— culturable recovery 
3,4 J. Bacteria 

Mesophilic bacteria were recovered fi-om the SKC liquid impingers on non-selective media (TSA). 
Seven of the eight flooded houses had higher averages of airborne culturable bacteria concentrations 
indoors than outdoors (Fig, 4), although only four were statistically different as judged by means and 
analyses of variance (Mest, a = 0.05), 

Averages of culturable airborne bacteria recovered from indoor air of flood-damaged homes ranged 
between 3.9 x 10^ and 3.9 x 10^ CFU/m^, while corresponding outdoor concentrations ranged between 
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Fig. 3. Epifluorescence microscope photograph of AO-stained bacteria, fungi, and spores collected from the indoor air of a 
flood-damaged home (lOOOx). 
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Fig. 4. Average airborne concentrations of culturable bacteria recovered from BioSamplers. Error bars represent one stan- 
dard deviation, n = 3. Asterisks denote houses where concentrations were statistically different indoors and outdoors. A line 
represents the average value of culturable bacteria from a survey of non-flood-damaged US homes, w = 41 (DeKoster & 
Thome. 1995). 
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2.7 X 10^ and 7.0 x lO'* CFU/m^. The ratios of airborne bacterial concentrations recovered indoors and 
outdoors varied between 3.5 and 8.8. In a non-flooded residence in the local vicinity, average indoor 
concentrations were less than 33% of the immediate outdoor concentrations, a ratio which was in agree- 
ment with many previous observations (NevalainenetaL, 1991; Samson, 1985; Solomon, 1975;VerhoeflF, 
Brunekreef, Fischer, van Reenen-Hoekstra, & Samson, 1992). 



3.4.2, Fungi 

Impinger-captured aerosol samples were cultured on malt extract agar to maximize the recovery of 
fungi and their spores. Culturable concentrations of airborne fungi were generally higher indoors than 
outdoors, and the dominant types of fungal genera cultured from indoor air samples were ditterent 
from those cultitfed frOffl outdoor samples. On this non-seleclive fungal media, fom of eigh t houses had 
significantly higher culturable concentrations of fungi indoors than outdoors (^-test, a = 0.05) (Fig. 5). 
Average concentrations of culturable fungi from air samples inside flooded houses varied between 1 .6 x 
10^ and 1.0 x lO'^CFU/m^, and immediately outside flooded houses between 5.5 x 10^ and 5.0 x 
-l O^-GFU/m^ . rr/cAorfer/wa-sppr^was-the eolony-fo^^^^ 

samples, but was not recovered in numerically significant CPUs from any outdoor air samples. Penicillium 
spp. was the colony-forming phenotype most often recovered from outdoor air samples, but was not 
recovered in numerically significant CPUs from indoor air samples. Trichoderma grows optimally in 
environments with high water activity (Kredics et al., 2004) while Penicillium species can grow at a wide 
range of water activity (Andersen & Frisvad, 2002; Gock, Hocking, Pitt, & Poulos, 2003; Plaza, Usall, 
Teixidd, & Viiias, 2003). These results indicated that even though the houses had undergone remediation 
efforts, some building materials were not dry and were promoting the growth of some fungi with an 
affinity to high water content environments. 
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Fig. 5. Average airborne concentrations of culturable fungi recovered from BioSamplers. Error bars represent one standard 
deviation, n = 3. Asterisks denote houses where concentrations were statistically different indoors and outdoors. A line represents 
the average value of culturable ftingi in non-flood-damaged US buildings, n = 2000 (Yang et al., 1993). 
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Fig. 6. Direct microscopic counts and culturable CPUs obtained from indoor and outdoor air samples collected with BioSamplers. 
Error bars represent one standard deviation. 



3.5, Comparing direct microscopic counts and culturing recovery from BioSamplers 

To compare the recovery of direct microscopic counts and CPUs, both obtained from hquid impinger 
samples, bacteria and fungi cultured on non-selective media were isummed and compared to direct mi- 
croscopic counts (Fig. 6). Significant differences between concentrations were determined with Mests 
(a = 0.05). Based on direct microscopic counts, seven of eight houses had significantly higher indoor 
microorganism concentrations compared to outdoors (houses #1, 3, 4-8), a trend which was opposite of 
that observed in the local control house as well as that reported in larger culture-based surveys (ACGIH, 
1999). Based on summed culture counts (i.e. bacteria+fiingi), only five houses had significantly higher 
indoor microorganism concentrations than out (houses # 1, 2, 4, 7, and 8), and no significant difference 
was observed in the local control house. Indoors, direct counts were 3 to over 1000 tinies higher than 
culturable counts obtained from the same indoor air samples while outdoors direct counts were 12 to 
over 1000 times higher than culturable counts. Although direct microscopy counts were often orders of 
magnitude higher than culturable counts, these concentrations were poorly correlated {R} values 0.004 
indoors and 0.02 outdoors). This indicates that culturable counts likely vmderestiniate total microorganism 
bioburden and cannot predict the magnitude of airbome biological contamination. 

3.6, Andersen impactor — culturable recovery 
3.6.1. Bacteria 

Bacterial colonies cultured on impactor-mounted TSA plates ranged between 1.2 x 10^ and 1.1 x 
lO^CFU/m^ indoors, and between 3.6 x 10^ and2.7 x lO^CFU/m^ outdoors (Fig. 7), Inside five out of 
the eight flooded houses sampled, counts of culturable airbome bacteria were significantly higher (Mest, 
a = 0.05) than those measured immediately outdoors, varying between a factor of 1.6 and 30. 
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Fig. 7. Estimated airborne concentration of culturable bacteria recovered from one-stage N6 Andersen impactor (J50 = 0.65 nm). 
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Fig. 8. Estimated airborne concentration of culturable mesophilic fungi recovered from one-stage N6 Andersen impactor 
(rf5Q = 0.65|ini). 



3,6.2. Fungi 

Concentrations of airborne fungi cultured on MEA plates varied between 4.3 x 10^ and 6.9 x 
10*"^ CFU/m^ indoors, and immediately outdoors they ranged between 1.8 x 10^ and 2.9 x 10^ CFU/m^ 
(Fig. 8). Inside four out of the eight flooded houses sampled, counts of culturable airborne bacteria were 
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...Eig..9...Coniparison of OPr.measured particle concentrations (OPC) with cpifluorescence co unts of micro biological particles 
(Micr), inside and immediately outside flood-damaged and non-flood-damaged houses. Error bars represent 1 standard deviation. 



si gnificantly higher (Mest, a = 0.05) than those measured immediately outdoors, varying between a factor 
1.3 and 13.5. 

i. 7. Total particle number concentrations 

Between 70 and 94% of indoor particles, and 62-92% of outdoor particles were measured in the first 
OPC channel (particle optical diameter between 0.3 and 0.5 ^m). Between 4 and 15% of indoor particles, 
and 5-16% of outdoor particles were measured in the second OPC channel (particle optical diameter 
between 0.5 and 0.7 |.im). Less than 1% of particles observed by the OPC were between 2 arid 5 fim. 
Total airbome particle concentrations indoors varied between 2.5 x 10^ and 6.8 x lO^particles/m^ and 
outdoors between 2.9 x 10^ and 8.1x10^ particles/m^ (Fig. 9). Total particle concentration information 
for house~#4 was lost due to equipment malfunction. Indoor and outdoor total particle concentrations 
were not significantly different in five of the eight flooded houses. 

While in all cases, the total particle counts (OPC) were higher than those obtained by direct microscopic 
counting in corresponding size ranges, the biological contribution to the total particle numbers was 
markedly different indoors and out. On average, biological particles accounted for 52% of the total 
particles indoors and 18% of the total particles immediately outdoors, of the flooded houses observed. 
In the house that did not experience flooding, the trend was reversed, and airbome microbiological 
particles, respectively, accounted for 3% and 20% of indoor and outdoor airborne total particle numbers. 
The particle counts from the first channel of the OPC were excluded fi-om this analysis, because whole 
bacteria and fiingi cells typically have diameters greater than 0.5 ^im. In order to compare total airbome 
particle numbers with microbiological particle numbers determined.by microscopy, OPC readings from 
channels counting particles with optical diameters between 0.5 and 5 |am were summed. Particle number 
concentrations determined by OPC had weak correlation with microorganism numbers collected by the 
SKC biosamplers {R^ = 0.04 for indoor, = 0.14 for outdoor). Better correlations resulted when OPC 
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readings for particles with optical diameters < 0.5 |am were included in the comparison: Er = 0.24 for 
flooded indoor environments, and i?^ = 0.18 for those immediately outdoors. 

^.8, Bioaerosol sampling variability and observations of "control" residence 

A one-way analysis of variance (a = 0.05) applied to microorganism concentrations, both total and 
culturable, from three impinger sample points indoors showed that the three samples collected at different 
locations were statistically indistinguishable. The same test applied to the two outdoor sample points 
yielded the same results. 

Total mic r oorganism conceiilialiuns in flood-damaged houses w er e betw e en 1 and 5 times higher 
indoors than immediately out d oors , in d icating an indoor micrnhial snurre Fnr a singlf^ nnn-flooded 
house included in this survey, the opposite condition existed: the indoor concentration was 33% of 
the outdoor concentration, which is a value consistent with those commonly observed in non-flood 
impacted residences and buildings (DeKoster & Thome, 1995; Lehtonen et al, 1993; Rautiala, Reponen, 
Neval ainen . H usman , & Kalliokoski , 1998; Robert son, 1997 ; Yang et al, 1993) . 



4. Discussion 

4,L Environmental monitoring 

Air-exchange rates were monitored concurrently with selected bioaerosols and other airborne particu- 
late matter. The air-exchange rates in the monitored residences varied between 0.8 and 3.5 1 /h. This range 
extends significantly higher than other residential air-exchange rates recorded for the same geographic 
area and season (Murray & Burmaster, 1995), and may be attributed, at least in part, to the local wind 
speeds (8.5-16 km/h (daily avg.)). Indoor CO2 concentrations varied between 300 and 420 ppm in all the 
houses observed. These relatively low indoor CO2 concentrations indicated that airborne pollutants are 
likely not being accumulated because of lack of ventilation (DeKoster & Thome, 1995). 

4.2. Microbial associated volatile organic compounds 

The most often observed VOC was 3-methyl-l-butanol, which is a VOC commonly associated with 
fiingal growth. Other VOC measured in flood-damaged homes included: 2-octen-l-ol, 2-heptanone and 1- 
octen-3-ol. Based on recent literature (ACGIH, 1999; Miller, 1992; Miller, Ross, & Moheb, 1998; Pasanen 
et al., 1996) the types of VOC measured in the flood-damaged homes were consistent with an indoor 
enrichment of microorganisms with respect to outdoor sources. Given the relatively high air-exchange 
rates measured, the levels of specific microbial VOCs were significant in magnitude, and indicate the 
presence of active generation sources. While some MVOC have been implicated as good indicators of 
indoor fiingal growth, they cannot be used to quantify fimgi, either airborne or surface associated, or 
be related to specific fimgi. Nonetheless, MVOC can serve as a signature to the indoor enrichment of 
environmental fiingi given that artificial sources are consiiiered, and that a baseline indoor/outdoor ratio 
is established. As outlined in review and compared to previous studies (AQS, 1997; Brown, Abramson, 
& Gray, 1994; Lewis & Zweidinger, 1992), the levels and type of VOC observed in this study were 
indicative of indoor microorganism enrichment. In the house with the highest MVOC measurement 
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(House 2) however, a person had smoked prior to air sampling. Tobacco smoke contains hundreds of 
VOC and some of them may have the same chemical signature as many MVOCs (Molhave, 1992). Five 
of the eight flooded houses had significant MVOC levels, and these observations corresponded to the 
houses with the highest averages of culturable airborne bacteria. The house with the highest MVOC 
concentrations also had the highest culturable microorganism counts recovered from the BioSamplers. 

4.3, Comparing culturable airborne microorganism recovery in Andersen impactors and BioSamplers 
4,3 J. Bacteria 

— In five out of eight flood - damaged houses, indoor cultur a ble b a cteri a concentration s were higher than 
outdoors (/-test: a =0.05). Bacterial CPUs recovered on TS A plates in Andersen impactors agreed with the 
general trends observed from culturing microorganisms retained in BioSamplers: concentrations of cul- 
turable airborne microorganisms recovered firom the samples collected indoors were consistently higher 
than those recovered from outdoors. However, bacteria concentrations recovered with the BioSamplers 
were significantly higher than those recovered with the Andersen in eightj)f 9 houses tested, in some^ 
cases the dififerencer\\^re^eater th^ mag"nihide7 A possibliT^ foTthese differeiitial 

recoveries is that the sampling stress incurred by airborne microorganisms recovered by liquid impingers 
is less than those recovered by impactors. This differential sampling stress response has been previously 
reported in controlled bioaerosol chamber studies (Stewart et al., 1995). 

4,3,2, Fungi 

Indoor concentrations of airborne fiingi cultured on non-selective medium were significantly higher 
indoors in six of eight flood-damaged residences. 

CPUs from Andersen impactors agreed with general trends observed fi"om culturing fiingi fi-om sam- 
ples retained in the BioSampler: concentrations of culturable airborne fungi recovered fi:om the samples 
collected indoors were consistently higher than those from outdoor samples. Comparing the concen- 
trations of culturable fungi recovered from Andersen impactors and those retained in BioSamplers, the 
CPUs recovered by the impactor were between 10^ and 10^ times less than those recovered by the im- 
pinger. Possible reasons for these differences include: (1) the impinger sampHng time (hours), was much 
longer than the impactor (minutes); (2) retention differences intrinsic to the equipment— impactors are 
subject to particle bounce where (swiriing) liquid capture minimizes particle reentrainment; (3) particle 
stress — impactor particles are subject to impaction and desiccation, where particles in the impinger were 
collected in swiriing liquid and not subject to impaction and dessication; (4) differences in particle-size 
collection: the impactor collects particles with a 50% cut-oflF at an aerodynamic diameter of 0.65 mm, 
whereas the BioSampler has an efficiency of 79% for 0.3 urn particles, 89% for 0.5 ^m particles, 96% 
for 1 |im particles and 100% for 2 jim particles. 

4.4, Epifluorescence microscopic counting vs, traditional culturability assays 

In most bioaerosol studies, the detection and quantification of metabolically active microorganisms has 
been primarily based on plate count assays in which sample collection methods as well as microorganism 
nutritional requirements and culturability potential bias the results (Hernandez et al., 1 999). Por this study 
both culturing and microscopy techniques were used because of the synergy of information that can be 
obtained from these different counting techniques. Pig. 6 suggests that traditional culturing techniques 
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are inadequate to represent the true quantities of airborne microorganisms in these indoor environments. 
Direct counts were 3 to over 1000 times higher than CPUs obtained from indoor airborne particulate 
matter that was captured in the impingers' reservoirs. Outdoors, direct counts were 12 to over 1000 
times higher than CPUs from the same sample aHquots. Even though a high fraction of bacteria and 
fimgal suspended in aerosols may not be viable or culturable, they may retain some potential to induce 
hypersensitivity and inflammatory disease since such responses have no dependence on microorganism 
culturability to induce adverse health effects (Flannigan et al, 1991). The investigation adds to a small 
but growing body of bioaerosol literature suggesting that are formidable differences in culturable and 
total airborne microorganism numbers present in indoor and outdoor environments. These results suggest 
that di r ect counts of airbom e microorganisms should be included as a critical component of common 

pvpnciirft aggftssment paradigms. ; : . 

Only one home was used in a local control capacity in this study because the literature contains 
a large bioaerosol monitoring database of non-flood-damaged single and multiple family residences 
(ACGIH, 1999). These studies report that, under normal residential conditions (no water damage), indoor 
bioaerosol concentrations are significant|ylower than outdoor bioaerosol concentrations during suminer 
season (DeKosteF& Thom^ et ai:;T9'98rR6bertson, 1997; Yang 

et al., 1993). Some of these studies compile observations from over 2000 houses, most of which are based 
on impactor capture, and independent, broad-spectrum culture of bacteria and ftmgi as described herein. 
The results obtained from the "non-flood impacted house" in this study agreed with the large literature 
database: indoor culturable bioaerosol concentrations were, on average, 33% of outdoor concentrations. 
With regard to culture-based assays of air samples, this observation is widely reported in the literature 
not only as the more common residential condition, but the favorable one (ACGIH, 1999). 

4,5. Comparison of total particle counts with direct microscopy count 

In all cases, the total particle counts (OPC) were higher than those obtained by direct microscopic 
counting in corresponding size ranges. Differences in microbiological contributions to total airbome 
particle numbers (both in and outdoors) indicate that this ratio may be a useful index for assessing relative 
aerosol (bio)burdens in residences flood damaged. As judged by particle numbers, results suggest that 
indoor sources contributed a significant portion of microorganisms to the airbome particulate matter loads 
in the flood damaged houses observed. However, weak correlations between direct microscopic counts 
and total particle counts suggest that optical particle counting will not likely be useful for estimating 
airbome microorganism concentrations in these environments until a larger data base is compiled. 



5. Conclusions 

In spite of remediation efforts, indoor bioaerosol concentrations observed in houses with flood water 
damage were generally higher than outdoor bioaerosol concentrations regardless of the assessment method 
used. These results are the opposite of bioaerosol concentration trends typically observed in houses 
with no water damage. Total direct counts recovered more airbome bacteria, fimgi and spores than did 
conventional plate counts. In this study, culturable methods significantly underestimated the quantity of 
airbome microorganisms both indoors and immediately outdoors of flood-damaged houses — at times this 
discrepancy was as large as 10^ microorganisms/m^. 
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Commercial air samplers have different collection efficiencies. They can significantly induce sampling 
stress affecting microbial recovery. The BioSampler consistently recovered a higher fraction of culturable 
bacteria and fungi than did an N6 Andersen impactor. Given that high efficiency liquid-capture oflFers 
capabilities for microscopy concurrent with culturing, and that sampling stress from liquid capture in 
swirling impingers is significantly lower, BioSampiers otter economical alternatives to impactor-based 
bioaerosol field studies with added benefits of extended sampling time and control over dilution factors 
(i.e. no upper detection limit). 

The MVOC levels observed in the flood-damaged houses did not correlate with the bacterial and 
fungal bioaerosol concentrations measured (i.e. the house with the highest bioaerosol concentrations did 
not have the highest MVOC concentrations), Howftver, given the relatively high air-exchange rates in the 
residences observed, the presence of MVOC levels indicated an indoor enrichment of microorganisms. 
While some VOCs are good indicators of microorganism growth, they could not be linked to a specific 
source or used to quantify the microorganisms from which they originate. The usefulness of MVOC as 
an index of airborne/surface associated indoor biological contamination may emerge as more studies 
provide a large enough database to establish VOC correlations to bioaerosol loads observed in the field. 

Regardless of soufceV water can provide significant Wfic 
building materials not designed for such exposure, and this enrichment has been implicated to increase 
indoor bioaerosol levels. There is a lack of studies on bioaerosol exposures following the reoccupation 
of flood-damaged buildings; previous bioaerosol investigations of these common indoor environments 
are limited by the conventional culturing techniques used. Drying water-damaged material thoroughly 
and fast enough to prevent mold or bacterial growth is very difficult, particulariy after large-scale water 
excursions associated with river floods. As part of this demonstration study, all of the houses monitored 
here were thoroughly cleaned prior to their reoccupation. It is likely that flood-impacted building compo- 
nents, although refurbished, were responsible for the elevated indoor bioaerosol concentrations observed 
herein. To help evaluate the long-term effectiveness of modem remediation practices, larger, multi-season 
residential flood surveys of indoor bioaerosol levels should be executed with direct measurements (mi- 
croscopy, particulate matter and VOC) that provide expanded assessment capabilities complimentary to 
conventional culturing assays. 
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Thennal Treatment: Benefits and Bflsconoeptions of Using 
Hi^ Tenqierfltitre Heat (>tZO%) 
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Ip Xntrodnctioai 

Man htm r^^^2P^7^ iirtpmtmce of heat to cook. drv a nd s amti7.e nhjfinh fitnoe the 

fnvcniiQn of fi fff l y ttftfn ths pmfesi onal regtoration community, hi^er temper^ires are 
m assetT^^asiiig tte ability of air to hold moirtnre and fecflitate drying. Tbsto ate 
several soccessfbl drying methods available to &e restoralioii profes^onal: a few of the 
inore coranion are discussed in thia p^er. Dosiccant^ refiiga:ant and com^ective sy^ 
offer practical solutions for the variety of drying situadons aicotintered following water 
lossesmd~catastjt)phic'ev^^ . ' 

they share the underljdng princ^les of lowmng the idative humidity and elevating 
tempOTture, The tempraiatnres attained by tii©5e medioda vaty 
end &e ambient conditions. 

Most drying mefbods generate interior ten^eratures lhat range between 90^ and. 120*^. 
When siqppl^neotal heat is added to attain temperatures of 120^ to 160T or mote^ the 
olgective is to kffl bactexia and fimgi in addition to drying and desiccating. Tbis "^i^ 
ten?)erati2re'* procedure is intended to lessen occupant esqposnre to allergenic componaits 
(ie., mold qjores, mycotoxins, fungal mycelia and bacteria) and odors. Some restoration 
contractors who use high teniperatnre loethods refia: to fiieir allergen removal prooesa as 
"pasteurizatiooL" Pasteuiization is a process to treat bact^ in milk by raising the 
temperature to 140^ (63*^0) for 30 minutes or IfilTF (72*^C) for 15 seconds. The 
micTObial impacts, health and safety oanseqnences and affects to building conatmction 
materials and contents, employing temperatures (interior tetx^iaratures 

>120*^) are examined in this pq^er. 

JL Tligh Tiimpfiraiiire Effects on Microogpmisoaui and Tocrins 

Many microorgaiisms not only survive, but actually tisrive at tenqjeratures of 160^ and 
abova Our ability to state unequivocally that high tercperatures kill particular target 
organisms is predicate on flie abihty to document sustained, uniform temperature in tiie 
thennal kill zone. Fungi react differently to moist heat and dry heat than bacteria, some 
may ftrive under heat treatment (ag:, Aspergillus fimigam and JTiermoacttnomyaetes 
vulgaris). Some fungi and bacteria are thermophiles, many of which are found indoors. 
Many fongal spores , germinate only after heat stimulation treatment and subsequently 
thrive and grow. Many bacterial apores» particuiarly Badlhas spedes (includ i n g anthr ax) 
are very resistant to environmental stressors, inoludhig heat and can tolerate temperatures 
hi^er than that xiaed in temperature treatm»t For example, Anflirax spor« can be 
kiUed by boiling at 120^C (TSQPF) or dry heat at 159^C (318^0 for 1 to 2 hours CBioPort 
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Corporation, 20O6). The most extensive studies on lixe affects of heat on bactsda were 
QOtMed in ti© late 1800»8 ^wJiea great sdeotific interest was created by doeaae- 
produdng oirgaubms. 

HcMt tcDiafaiDce has been stu d i ed a nd revi e wed h i storioa U y by several anflioiB (Robed^ 
1927; Ma^KMi, et. at, 1926) and produced conclusions ttiat we recognize today. "The 
sufcriect of heat resistance in nricwKaganisms, in general, recognizes that young cefls are 
tnoie easUy destroyed than old cells (HampJl, 1932).- The caase of deafli of bwtena era 
be divided into fi>ur portions: dry heat and moist heat at bo& low and at high 
temperatoies (Hampil, 1932.). At low ten^)6ratnres. dry he^ wuses &e fonnalion ^ 
o j dda t i o n p r otcann - w hidi deotroy boot a ri a CP« n »1rBmrtrin and Keap '., 1910) . At nigtt 



t«>nr>^«ii«^ twn processes mav occnr. Protein coagulatioa tato place (Rnbng, 1899) 
and saasdaaz «>r oarboniaation of the outside Tidiidi hitcdfeces with nutntive process^ 

The complete destruction of bacteria by heat was first studied by Koch and- 
Loeffler, 1881). Ihese care&lly designed experiments finmed the yMgental 
"Minaa^ofh^stsiOaaatioji used todsy.-^CTriy expend 



retpiired a tea?)eratnre of 284 for three hours to kill the jfpares. whereas, tii^ 

could be killed in a few minutes yfbsa. boiled. His expermiesitation demonstraiBd that 
steam placed under laressure at devated tempaature tferilized surfeces mudl more 
rapidly. Conparisons between flie flietmal tolerance of different organisms show ftat 
complex: (aoiina], protozoa, fimgi) organisms wiU not survive at hisJier temperatures as 
compared to simplex organiams O^lue-^Bai algae and bacteria) (Table 1). 

Table 1. Approjdiraate uppw Bwrmal limits few survlwl In dBferent groups of 
oigantems 



Animals Including 
protozoa 113-123 (45-61'C) 

Fungi and algae 138-140 <1 58-60-0) 

Biue^reen algae 183.176 {73-75»C) 

Bacteria >1fl4 (>90°C> 



SouroB! Brook, TJ): 1867, Ute atHIgh Ter^wrahrei Sd€«OB, Vol. 16^ P.1IM2. 

The iedial tetDperature varies among miCToorganisms. The tone reqairBd- to JdlJ d^ends 
on the nmnber of orgaoiams, flie spedes, pit duration and ten5>erature (Todar, 2002). 
Laboiatoiy researxih shows that the thermal dealh point for selected patho^c bacteria 
and spores range fiom ISl'F and 212''F CTable 2). In a building, the ability to 
substantiate atteinmg a lethal temperature is predicated on the completeness of the drying 
efibit, performance measnremerrts and mitat)bial samplmg. Even after the Uvmg 
or^nism is dead, fimgal spores, mycelia and mycotoxms still pose an allergenic concern. 

High teff5)erHtuie regimes do not destroy mycotoxhis (Yiang, 2005). The varieties of 
toxins produced by fungi depend on the spedes, growfli substrate and the jnresence ox 
absence of comp^g organisms (Burge and Ammann, 1999). The vast majority of 
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TabtB 2. Thermal DeaCh Prints of Badsita and Spares 



BecHlus thsirnaphlliis 



BaalltusooH 



10mln®etf'C(14l«5) 
30 mfn@6S-er*C (153*1') 



1«fnln@e8»C(155"F) 
6-8hrs@100^(212'F) 
10rain@5e^(131<»F) 
Smin® 60^ (140*1=) 
4mfrt@63*C(14tf'F) 



Lo^ffter.isae 
Esbheiteh and Pfaimdler, 1903 

p fl itoi^ tin d D a G i a e f, 1 9 14 

Shipparv 1915 
RaUnowdtsCh, 1895 
StBfnbWfl, 1687 

BagseJW, Wfisnldce & Prtadd, KoJle. KutsdiBf. 1905 

Orsl?ov.1d2e 

Krumvulsde&NQb1d.1G21 

Ofgktw, 1B2B 



DyseniBiybacBB 



HetnopMus fnffuenzse 
mnaGhBUmB 



1hr®5tfte(131"F) 

l0min®57^<136*F) 
5-10inlo®65^(149'*F) 
10 mm @ 58^ (133*^ 
2niln®62''C<144'*F) 
6nUn@ 50^(176^ 



ThQhl60ni 1916 
P ^jiitfBftOTOB n . 15g4 — 
Eyre^1812 

2vi4akaWedeflian»1&19 
McCoy. 1912 

OnOTQtO, 1902 
Koch 



Stapf^fioooQGf 



PnoionoGOGCt 



15 mln ©63*^3 (131"F) 
30mln@ 80*0(176^) 
Ziiilne60'C{14<fP) 
1hre6tftt<14^ 
10 min® 62*0(144^0 
35*mrn®75^(1S7*F) 
4Sinll@60«C(140D 
1cnin@6lfC(1-«fF) 
16mm@QfC(l40D 
30mln.^60^0f140^R_ 



ICtasato, 1694 
G9ad!a1893 
Kolb, 1912 
Stembeigi 1887* 
Samisr. 1908 
Nalsser, 1921 

Betbencourtand Francsu 1904 
Wirth,18ie 
ggggeir, lte9 



Sireptocoed 



Ayfif3& Johnson, 1918 

vviHh,i8ze 



30 mm® (140^) 

15infn@eb«O(140'T) 
.24 hrg> fiO't:.t140^ Sgjgsr. 1929 

•■• ■ /ivifltjrf»aiffi^^erMagi^^ 



Sir.Lacfis 



15 min(®70*C(1SfefiF) 



C^ia-«lensen, 1919 
North and 1917 



C, faolullnum (Type B) 
Types AandB 

•leas. — . . i 



20niln®8CW(1767) Afan Ermsngem. 1397 

60 mln @ 1Q0"C (212*P) Tlipm. Edmondson and cnaner, 1919 

24010255 fSin® 100^(212^0 Dldtscm and co^Aoikers. 1IK2 & 1^ 

300 min ® 10D*»C (212°F) Tanner and McQot, 1923 

I0rran^ioo°c(212;i^ 5tarin,1J^ __.iL.i ■■ 



awaicT^ 

VSirioneeptique 
diitfennentans 



8 - 90 minnn stem (>100*'C) Becker, 1920 

8 - 90 mm In stBani(>100'tt) Becker, 1920 

2 - 15 mm m steani(J>1fltf'C) Becker. 1920 

90 - 160 mth m etem (>toq ^c) Baoker. 1920 



aaaiuothmnophBus " Mhra@iOO^(2i2*F) 
Bad!tu3 nitdiBn^ 4 min @ 100 (212^ 
ThflimophWcCtedoftilX 4 mlii @ 100 (212PF) 
a go^nosum 75 mm ® 100 "C (212*0 

Microcaasusfoitn 10 mm ® 76 "C (159^=) 
BacWe Resfsted hoiffs of boflmn 



RabmovniBCh« 1695 
KarQnaki. 1895 
Ke«9Qlr,1896 
LaGS,ia98 

Russei and Hastb^ 1902 
TfiiHnskv. 1902 



SoJrcefl; HampA fiotf//e©, t93a Vw inhencs taTumperatiffB onmoi^ /Vwaasae© 

and Offstft o/ Bacterfa, TTie Qi^^ f^f&W Of BMagy* V^7,Nq.Z pBg09 172-190. 
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loycotoxins have not been idetrfified; therefore, daims of compete removal following any 
lestoiation jnocedare cannot be snbstantiBted. 

m. How Does High Tenqieratttres Work? 

Hidi temperainre drying lequires specific instractioos. Recognizfaig &at every p»gect 
^ consider site-specific criteria, we oan gain msi^ into flie hi^ ^^SSJ 
wocedutes in flie specifications pnjpared fbr the Fresno Housing AiJtiionti^(SCS 
Sigineers,2003). Ttetbnowingisanabhreviaterisanwofwoikdescnbmgfhel^ 

leqnirBtaents: 

-4, EnqfflSfi : , — '. 

• Pr ying Qiut moist ardiitectim»l componaits.: 

. Killing vi8bU5Wologicaaoteanisn» (e.g., insects, fungi and ba^ 

• Oxidiang odors. 



2. SiteSiqterinteDdaat 

Hie contractor will enploy a Site Sxtperintewdent as fhe responable person aiid will actas 
an OSHA-Conmetairt Person who can recognize hazards and direct others. The 
Superintendent is reqaired to record/log all job-site woric progress. The Sn^teodent 
di5l be ftiDy ^jaKfied throng educalion. liainiDg and experience to paform me 

3. General Pie-start Inspartion 

The Superintendent most perform an infection of Ae shucture before assembBng b^ 
aeoerators or distribution equipment. Tha inspection will verify if ihe steucture w safe 
and sonnd and will not be oompiomised when heated, and wheflier the struotorB is devoid 
of personal bdongiiigs. These obseivaSons will be recorded. 

4. .SiteSet^5» _ . 

The Snpaintendait shall layout the beat generators and distribution ecpjinient to e^e 
that the heat can be equally distributed within Ihe designated area. The jayont^lhe 
heating equipment shall be recorded'on a drawing. All salient ftatores of flw structoe 
shSbe recorded on a dnrwhig. The St^jerintendflntshflU ensure that the heat generator 
are sufficiently sized to bring flie strwture up to specified target temperatures and 
maintahi those tenqjeratares for the specified duration. 

5. EstabliflhmgTen:)|wcat«teMenitoting Points 

To be effective, a Ihre^ld temperature must be mamtamed for a specified durati^ of 
time. Tenmaatures must be measured and recorded during the entire hsat tieatnaent 
process. TeniperateB must be measured ui real time in the air space and within various 

srchitectaial componaxtSi 
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6. Tlire^olid Temperature 

The flw a hold temper ati m? a h ull mie et or m t mA 1 6n°F or 7rC in fta majoriiy of probes. 
All iM^obes in flxe desigaated heat treatment area shall readh a minfmo m teoqwratare of 
ISST or 68'C However, tBnq>eiBtures in thestructure shall not exceed IVS^F or SO'C 

7. Ten^eratore Duration 

T he dura t ion wi t h whi c h moat tcanpemtur e probe» shall be n i flinlwinaA a boye fl i s 
titfodhold taopBtatatf: (1 601?) is 60 mimites. Ml probes in fee deagiated treatment area 
ahflDlbeinamtained at or above tiie tiireshold tenqjemture for a nmrimuni of 60 mmutea- 

8; Cool-down Period 

Upon. »eetingten^«atare and'dmafionlgoalsr a 60HiiiuuteTXK)l-^OWii-pe^ 
initiated. During the coolntown period, aU heat sourees are turned off rndftfist^^ 
to t m ii n HBftlad wMle tamperatme monitoring c ont i mim . 

Bisi^ provldod by Umipeiat i ire drying pracfitioaera offer practical pet^ectivBS. 
«Yon can't achieve bi^ tenqjeratures until the wood is dry" (Vyrosdc, 2006). Moisture 
ooDtBot can vary widdy in a flooded home where some wood membeis may be safaiiat^ 
while oftier matariala may contain suffident water content to support miaobial growa 
(approrimately 20% or greater mdstare). Both types of materials, saturated or elevated 
moisfaue, can be dried at ten^atures less than 120°F. Proper dryinfe however, must 
(xmsider the wide range of mourture cootrtcBit 

The duration of drying is critical and should be canaed out slowly and unifoimly, 
typically over a two, three or four-day period, depending on flie dr cnrnstBii w w . As a 
kihi drying (see below), differential tenqieratures eod rapid ten^aratore changes increase 
die possibility of damage as wood dries. Crawl spaces witti es^sed soil, heat smks ^e., 
concrete and brick structures) and building <avelope hreadhcS pose wstriotlona to" 
adiieving temperattire unifonni^. 

Is Hisjh Tenqperato^e Necessary? 

Tins is perhaps the most unportant question of all The answo: depends on whether hi^ 
temperature is the most practical, efficient and safe mefliod to meet the client's needs. 
Sewage-flooded structures, sdhools and medical fedttlies compromised by pa&ogenic 
miotoorgamsms, mseot-infestations, nuisance odors and iniEviduals with multiple 
chemical senaitivftiea may benefit fixan the hi^ heat process. However, the pubUc'a 
underatandmgof a'Siniqut^ o[r«1niiovative^ doudedby fliear 

peccepiiaa ttat it is also file *teost fijipropiate.'' 



4 
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He pobHc' s peoeplion of mold is influenced by thsar heaWi, petsonal observations and 
die media. When water damage and residting microbial grow& occur, some consumers 
seek comfort in absolute remedies, "I don't want a single Stachybotrys j^r^^ m 
home" or '^fae indoor air qndiiy should pose no heaWl risks fixim mold. Thoogh 
t,ft*.>AH-» pri,P«P. fgr peetadciiiH are always short-lived, if not impossible to achievo, buam^ 
is sometiines diivm to satisfy liie loftiest aqjectations. In some drcumstances me riste 
associated with remediation may ejtceed the benefits. 

A lecent indoor air quaHty article examined wheliier microbial growth can be left inside 
^s based on fee relative risk (Burge, 2005). Some &ngaJ species ie.g, Pen^Oium 
dtrysogonumh prRv nl ent a fter a water low, pose no risk T^jien enclosed m die wdl 



^t^^ofT sdhooL^ Though inconsistent wilh parent and teadier eapectations, Ifae 
Stical aq)ect8 of removal (ie., sdkool closings, restoratton fiostg. loss i^SHliuy ml 
Senses) offer a sobering perspective of mold's presence and its prionty for removaL 
The most appropriate lemediadou tedmology should be dected wisdy by constdermg die 
inherent rislcs. 



How Do We I^w It Worked? 

Performance measnieiiients collected befioe, during and after any restoration procedore 
are necessary to oonfimi diat the retorarion process met the design intrait or intended 
outcome. Fungi and bacteria are present on the entire earth's snrfece; detenmnations of 
effective thermal kill and removal must be docnroented in periods measured in nanutes 
and hours after prcrject conviction. Once the structure returns to amlriBnt tanperatnre, 
moisture will retom the construction materials and contents to diar eijailibrium moisture 
content; ventilation and infiltiatioa witt inoculate a host of fhngal and bacterial species 
jnto tfa^ interior spaces witbin a lew days. 

In the end, die most effective way to reduce fetur&microbial proliferation is to keq) the 
interior dry. A detailed logbook describing the moisture content at multiple sanqjling 
locations, temperutore and relative humidity measurements, microbial sampling of air and 
smfeces and mfrared analysis of the structure will support a successfiil joojeot and 
substantiate paymfflil. 

Elevated tranperatures not only desiccate microbes, they also accelerate aging and cJiange 
Iheperfimnance of various materials. The poterfial effects on building materials are 

desoibed below. 

IV. H^Ten^eratura Affects on BuUdlng Materials 
Wood 

Hw bdiavior of drying wood in commercial kiln operations underscores the hnportance 
of slow and consistent drying efifort at Mgb temperatures. Structural wood, exposed to 
elevated tempeiHtores, e^>eriences fhe same potential damage as wood hi a kihi 
(Shnpson. 1983). 
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Water is present in fliiee (3) foam in wood cdls; 1) Hqnid or free water. 2) r^?L^°f' 

ZZTio leav/fte ceU. Whea Ae.cell is dry, the «n walb rtffi conten dh«m>^ 
bonndfhydtofloopio) water . T hi s stagpftf drying is tamed the fiber 3atarah<mpaiM 
W^^ ST^^t Sik (distort) Tffltil bound water is eoctnicted frrai iIib adi w^ 
Thefep is a critical milestonfi in tiifi dryiiig process because wood stt^^ aad sh^e will 
not dbanga until the moistore ontteot ftUs bdow ft^ 

men Ituriber is dried too qai(My» diying stte^ 

s t iuciuial member in flwhom e (UgfiA. 1957) . P am agr . is eau a edly two tonda of sag. 

f^^im. «nd differential shrinkage, Hydrostafic tension is ci^ed 
drvine temperaOTO buiW i^ H» hydrostatic teasion in a celL As a result, tte inteaw wiis 
coUa^e ai thae is an m'ssimce of excessive ahrinkage and a washboard eflfcct m 
lumber. ' 

wood fibers dry and shrink before flie inner wood ceils h^e begun to dry and sbnnk. 
Ttiis condition is tenned, -case hardening." When this occurs, fce caremoistoB c^^t 
oass through to Hie surfece. This prevents proper '♦widdng^ to the jurfeoe of ttw board 
kdev^K^ting. Limber Aat is dried too quiddy win degrade during fiJomitHd 
and will slow the overall dryingpTDcess. 

Wood dries lie festest at the beginning because ttie moistoro dijBfereolial is at its bi^t 
Uns is when wood and a home are most snsceptibls to damage. During tiie eariy stagK 
of dryina low teanperatores and humidily are necessary for many spedes of wood. 
As £^ progresses; the teoqwature is dowly raised and the hmmdriy lowered to 
maintain a steady drying rate 

Wood: H^Tempemtiure Research 

Research perfbimed on wood roofing systems (beams and aheatiung) performed wril 
when e;q.osed to temperatures 19> to 150»F (Table 3) Roof sj^tems^eriaiced^ 
ten^erobnes via sdar radiation [American Forest and Vaper Assooatian (APPA^, mo., 
1999]. 

Temperature measunsments of roof systems vary depending on the orientation, hour of 
dmT^^n, color, venfflation rate and insulation tWdmess. Seasonal measurements 
showed &Ht roof systems reached 150°F for diort durations; the hottest members were 
limited to roof sheathing. 

Unda- Ae severest conditions, IJie temperature of fte structural beams, rafters and truss 
members in wood roofe generaUy do not reach 140«F. Howw«, when these o(m&^^ 
do occur, the loss of strengfli associated wife increased ten^eratnre js compensated oy 
the in<3ease in str«igth associated with lower moisture content 
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Table 3. Maximum Temperature Regimes 



Item 



Teinperaturd{^ 
80 90 100 110 1 20 130 140 ISO 160 170 180 190 200 210 
CONSTRUCTION BII ATERIM^ 



220 



vinyl Flooring (1) 
A(«iB8lves(PVA/PVAc)(2) 

CaramlcTIIsO) 
Gypsum (4) 
Wood (6) 

Caipating (6) 

Adhesives (Thermosetong^ (2) 
PV0(7) 



<105°F 
Up to 125*1= 

Up to 160*^ 
>160oF 



Plaster and LaSti (B) 
Concrete (9) 
Roofing Shingles (10) 

Refrigerant Drying (1-1) 

De&slcant Drying (12) 
Convectant Drjnng (1 3) 
High Temperature Drying (14) 
WoodKan(tS) 

Animals and protozoa 
Fun^ and Algae 
Blue-Green Algae 




BIOLOGICAL ORGANISMS (16) 



Bacteria! Spores 
>terthrax(17) 




1 RBsiBent Floor CoveringB Institute, Freeman, 2006 

2 Conner, 2001 » 

3 Lafortune. 2006, 

4 Gypsum A8scx;iafion, 2004. 

5 American Wood* Counc^, 2005 

6 Mohawk lndustrtes(unofBclal) — - - = 

7 Harvel En^neerlng. 2006 

8 New York Raster and Lath Institute. Bill Hohlfleld. 2008» 

9 AmericaniConcsretB Institute, Tholen^M. 2006. 

10 QAF Materials Corporation, 2006 Technical Services 

11 DRI EAZ LGR2000, Phoenix 200 HT operete as Wgh as 120oF. 

12 Melk^on Industries 

13 Cressy. 2006 (pereonal communication) 

14 Hedman, 2006 (Personal communication) 

15 Simpson, 1883-84, Do^ng Technology 

16 Brock, T. Life at High TemperatirBs, Sdenoe, Vol. 158, p. 1012 

17 BloPort Corporation, Lansing Rfidiigan (1-877-246-8472) 
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Research results condnctcd daring short-temi, Wgh temperatore ej^osutes bas shown aa 
increase in wood strength properties ^en cooled below nomaal teiqjeratores and a 
decrease m properties when heated above WFCAWC, 1991). When flie wood returned 
to anonnal tei^orature, it recovered its oii^nal propaties. 

Research fonnd that examined wood exposure at tsjnpetataws aibove 150°F showed a 
permanent loss in sliaigth when cooled end tested at normal tenqiecafiaas. These 
permanent dEEbds were additive to tiiose &at occinred at the exposure temperature. 
Permanent sirengfli losses occuired Mowing exposnie to temperatures >212'P; the 
dam^e was greater whffli wood was heated in water ra&er than in dry air. 

^f o^ ^ ii.t^ r^s^rri., tempBrafaires of 150"? represent a toeshold for the begimiing of 
permanent loss Of strengtiL This interpretation was substantiated by t^ 
an approximaliB 10% loss in bendingstiengai forniHteiials exposed fe 300 days-m water 
at 150T "ahdrflioif tested at room taiqaaatnrB. Tlio use of lumber or glned-laminated 
timber members ifaat ex perience long-temi exposure to temperaturea over ISQ-^F. ahonld 
be avoided as shown bdow. 

Heating Dnration AWC DWS Design Specifications 

Short term heatingup to 150*F No design streng^ reliction required 

Snstsdned temperatures ,100^ No design sirengfli reduction t^uired 

Sustained tenmeratareslOCF to USn? 10% to 30% design strength reductton. 

ddpecidiDg oa the moisture content. 
Sustained tanperatures 125«F to 150°F 10% to 50% design sttengfli rediKStioij 

dq)ending on me. moisture coment and 

specifio proper^. 

Source: AWC. 1991. 



Wood: Adhesives 

The valnesability of adhesives to elevated temperature regimes (ISO-ieO^F) depends on 
ae ciemical strocturB of the adhesive nsed (Connfif, 2001). Wood ?dhffiay^ are 
"generally dassified as either sjaaflietic or natural (Table 4). Synthetic adhesivea a?e 
derived ftom petroleum products. These adheslves «e usoally appUed as a water-soluble 
liquid to the wood suifeoa Adhtsive ptepplym^ cure by reacting further to form, 
polymers at the contact point Heat and cross-linking chemicals are ofiai added to 
Str^igthea the curing reactions. 

Synthetic adhesives are dassified fijrther as ertiier thermoplastic or thermosetting resins. 
Tteonoplastic lesins sudi as Polyvinyl acetate (PVAc) (CH3COOCHHTO a^. 
Polyvfayl alcohol (PVA) <-CKb-CH(OH)-(n) soften ^en exposed to heat and solidifif 
when cooled to room temperatDre. 

Thermoplastics are more vitinerable to devated heat PVAo is most widdy used as an 
OTwIsion tixat is white to off-wbite in color tiiat is nsed in many honsehold applications. 
Commerdal uses indude laminating adhesives, floor tiling and paper coatings. When 
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eacposed to elevated temperatures (100°F), PVAc wfll soften and become less resistant to 
moistme and hnmidityfliaa tbenoosetdog resins. 

Thennos^ting adhesives amino rosins, jHhbsidUo lesins, epoxy resins md 
iBOcyann^^) ff^ rrinripat type of adhesive used to bond wood and ate less vulnerable 
to heat. The |>rincq»al differeoce between Ihennoplastics and thermosetting adhesives is 
that thennosetting adhesives &axo. polymers fiiat cross-link \Aen they cute. When cross 
KnifHge oocors, ^6 cnrod adhesive is insolaable and does not so&a whea he^ied 

Natural adh«ives are derived ficona starch, soybean, aoinial waste and m^ processmg 
«nA tntiniirp IrjiL^ifartii mA casflin ftam sirim millc Pniifftin based adhesives (Le., soy, 
blood and casein) are the most cotpmoo; howevffl', tiiese adhesives are most oftea nsed 
fOT interiar applications. Natural adhesives are used as a watossoluble ^plication and 
cate vrbm &e-solveat (water) is removed Some formulations add. clieinicals to aid m . 
casjss-linkiiig to enhance straagth- These additives lessen fhe vuhaearability of natural 
adhesives to high temperatures (130 to I60*P)' The prisxary disadvantage of natural 
-Qpj^t ^>iia nTia)-Hg-con^ared-to-3ynfl»tic-adbesives-is-a^^ 
dcgiadafian and lower lesistanoe to moiffiturB. 

1^ TemperstoK A^ets on Buit^g Materials 

of maximum temperatures recQima«ided by selected consttuction material 
iDstitutes and building material matii]fi<:tureC8 is summarized in Table 3 . 

Gypsam 

Gypsum should not be ejqKJsed to temperatures above 125**F fi>r octended paiods* The 
Gypsum Aasodation (GA) provides mitten ^edficalions for die "^application and 
Finishing of Gypanm Panel Products) (Gypsum Association, 2004). CSA tedmical 
documents state tihe feUoi^Ting recommendations: 

1.4 Gypsum panel products shall not be used wbere Ihey will be exposed to 
" enstained tei^eratutes for more than i25**F (52^0) for earteuded periods 
of time. 

L5 Where gypsam panel prddutotS are used in air handling systems, the 
surface temperature of the gypsum panel products shall be maintained 
above the air stream dew point temperature but not more than 125'*F 
(52^C). 

Plaster and Latii 

Tecinioal representatives of the New Yoric Plaster oDd Laih Institute ^pressed 
confidence Ihst ten^)€?Eatures between I20^F and 160**F would have no efifect on die 
mtegrityofaplaster and lath wall (Hohlfield, 2006), The only drcumstanoes that mi^ 
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pose an exception would be a recently coostrocted plaster waU that had not yet cured. 
Plaster curing lequn^ qipnedmatdy 30 dzys. 



Roofing ShiB ^ 

Aia)halt sHngles are durable at hi^ temperature because flie minimsm sofomng point is 
approximstdy 190T (OAF, 2006). GAF teoboical staff expressed three concerns. The 
aSesivB sealant nsed in the GAF shingle is "Dura-Grip." This adhesive has a lower 
softqaing ppint ihan flie diingle and jnay "ooze" at lower teii5)a'atures. Shonld diis 

ocou ' it win b ec om e evid e nt innnedict e ly after heating e vent A fia r eoeposur eJn. 

gl^va^ i^hm^ea are prone to "sHt^age." as a fesolt. it is not recotPtaended to 
access fee roof until &e shingles teach ambient ten5)eratctrea. Finally, elevated 
- ten]$»ffl»ture may accdeiale Hie aging process m the shin^. The effects of aging may 
not be visible 



Concrete 

Concrete is gpnerally reostant to damage when heated between 120"F and 160T 
^esiak, C 2001). The litarature is sparse on the effects of beat on omerate at hi^ heat 
restoration tenqjetaturesr, however, detrimental efiEects may occur depending on the rate 
of heating (Tolai, 2006). Very r^id concrete sorfece heating will result in rapid 
expansion and cracking. The most relevant guidelines were offered by fee American 
Canxaete InstitutB (AO) and were described in ACl 349R-01 Appendix A, "Code 
Reqiureoaaits for Nadear Safbfy Reflated Concrete Structures." 

A.4.1 - The following tenq)eratnre Kmitations are fta- normal operation or any 
olhfir long-term periodi The tempcratores shall not exceed 150°F esoqrt for local 
areas, such as around penetrations, whidi are allowed to have morcased 
ten^sratures not to exceed 200°F. 

Vin^Bloorinj _ _ _ 

Vinyl floor coverings aie tested by the Resilient Flooring lofltitote (RP3) using AStM 
F1514, heat stability tests (Freeman, 2006). The test elevates the temperature of the 
flooring to ISS'F for sevea (7) days. After this period, &e flooring ejthibits notioMble 
disoolotation. The nwsdmnm tesnpfiftatute recooanended by the RFI is 85°F; this 
temperature is based on radiant heat tenqjertfctures achieved during the heating season. 
The wanantee for resilient flooring that exhibited discoloration after heating may not be 
honored by the mannfacturer. 

Ceramic Tile 

Large expanses of ceramic floor tiling rangmg from 30 to 60 feet in length would pose a 
problem at temperatures ranging between ISOT and 160^ (LaFortnne. 2006). Floor 
tiles vary in their thermal racpansion coeSlcients depending on their composition; 
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tberefore, a spedfio statemeat on their perfbnnance at these t^ecatares cannot be 
made. Moat floor tile instaUers do not strictly foUow industry guidelmes for the 
construction of expansion jointe. As a result, any forgiveness in the ceramic tile floormg 
at elevated ten^iersta^ Based on field reports 

far radiant floor heatfng syrttms, mflxtmmn temperatpref; that range between lOOT^ and 

HOT have not siiown problona. Temperature that exceed 160^P are likdy to 
e^cperieuce tUc r^ease from tiie ftoor. 

PVC Products 

— Polyvinylchlo r idc (PVC) is us e d in on egtensive a ttay of trmdnnfe iticlnding electiioal' 

^mpntinntB, Tyiring insulation and coatings, membranes, water supply piping escterior 

windows and window shades, home appliances, tables and chair^^ Themaxmum service 

" temperatorei^ 14(rT with heat deflection at l70T(Harvd,2006). - ■ " ^ 

VI Safety CMicems 

TTie USB of temperature reghnes above 120*F pos^ a Wj^bfir level of ore, training and 
OSHA and USBPA scmliny than any oflier restoration strategy. Four areas of concan 
(ie., direct-fired propane healss, dust, heat stress and prop^ damage) are described 
below. 

Direct-Fired Propane Heaters 

When used properiy, propane is an odorless and colorless gas that is safe and convenimt 
(OPA, 2006). Propane leaks, however, pose an immediate hazard becanse propane setdes 
in low spacK and a low conoenteation can create a flammable mixture. In a confined 
space, a propane gas lealc poses an eaploarve hazard 

Propane requires a large volume of ait to bum conrectly; one cubic ftot of propane 

requites 23.5^ ft. of or. The prop«: mixture of w and fuel is essential because to^ 

fbel win result in incomplete coznbustian and ttiefa^ _ 

Carbon Monoxide poisoning occurs wheaa, carbon monoTdde prefiffcntially attaches to Ibe 
blood molecule , (hemoglobin) that carries tins instead of oxygen. A p^on with 
carbon monoxide poisoiiing is overcome by carbon monoxide (instead of oxygen) and 
immediately feels ligb^beaded, dizziness and/or nausea .(DHHS, 200S), Prolonged 
exposure may result in death. Wh&i direct-fired propane burning beaters are used, 
monitoring of carbon monoxide and proper ventilation with fresh air are requirrf for safe 
pperafion and the protection of posonnd. 

Dost 

Turbulent fans assist the drying process; however, they abo aerosolize microbial matter 
and dust As a result, turbulence also creates potential combustible conditions by Ibe 
emancipated dust A cloud of dust, witbin its flammable concentetion limits, will not 
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bum unless saffideot energy is provided to ignite it such as open flames (ie., propane 
heaters) and hot suifeces (dryers, heaters, etc.) (DSEAR, 2002). Both of Ihese conditions 
are present with the use of a direct-fired propane heater. Safety infijnnation provided by 
the nuBWifectuKr of propane forced air heaters leinforoes Aese concoos (DESA, 2006). 
TTriggBfety hazard can b e r e d noed wit h indii wc i t fh^h Ba^ '. — . 

HeatStress 

Drying and heating processes that involve tenqwratures, radiant heat somces and 
humidity can induce heat stress. The human body maintains a feiriy constant 
^H {p» l^ ■ a ^1«« « ve « tfaou^ it is e aqtosed to a range of t i Ci i i'ipH i 'atxic ea (U . S . DHHS, 1986) . As 

fh^ ^.Tmitntting temperatnre approaches the ddn tem peraaffe. cooifag becomes more 

^fScult Bicreased bod^tan^eortnte and physical discomfiMt promote untabmty, anger 
; - .and other emotional ccHiditions that may prcanpt wodcacs to. oyedook. safety procednies 

and divett attention fitnn hazards. 

T3ieOTT^t"pe(mi^birhBat«q»osin»-1hreA 

li^ work at 90°F for 15 nunnlss of woric and 45 mhntfes of cest 9ACG1H 1992). tbo 
ACOIH TLVs state that. 

Higher heat escposiire Ihan those m T»ble 5 are pertnisslble if fte woiters have 
been undagoing mescal surveillance and it has been establidied that they are 
more tolerant to heat ttian flie average woiicer. Workos should nqt be pennitted 
to oontimie wcait when tiidr deep body temperature exceeds 38°C (100.4"F). 

Table 5* Permissible Heat Exposure ThFeshoId Linodt Valnes 











Work ■ 1 


Rest 




Modsate 


Heavy 


100% 


0% 


86°F 


80°F 


77*F' 


75% 


25% 


87°F 


82rF 


78°F 


so% 


50% 


89T» 


85°F 


82T 


25% 


75% 


90°F 


88°F 


86°F 



Somee: U.S. Dq»L of Laibor, 2006. (The table nomber changed fijr p^er.) 

Hie OSHA Techni<al Manual states, *^ve*y woiisBr who wradb m extraordinary 
conditions that increase tiie risk of heat stress should be pasonally monitored. Personal 
monitoring can be done 1^ cheddng the heart rat^ recovery rate, oral terapaatore, or 
extent ofbody WBt« loss," 

Property Damage 

High temperatures (>120°F) increase the likelihood of property damage (Table 3). PVC 
-coaitaidng products, thermoplastic adhesives, wood, carpeting, and vmyl flooring 
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represent products and materials tixat may Ve damaged inrevecsibly. Farfliennor^ 
mamifecturer iBOommendations for flic maxiimnn exposure tBu^eratute may eaocel out 
ptodact 'watPintBes. 



-VXi Coadanmns- 



Hidi teamerature or "Pasteurizatioii" restotation tedmiques pose bofli creative 
le^Matioii opportanities and elevated risks. Stroctmes diat are contaniinated wito 
pa&ogens or support eartedsive miaobial cantanainants benefit from desiccation and 
the c^tore of niarobial mass. 

Varying degrees of TMoperty damage are inevitable widi Ifais "^^°J^°'^g^; 
Bffiite to remove and protect contents are essential tor cnatomer sansfacdon and-to- 
lesBenpoteotiai liability. ■ — - - 

Heating beyond 120°F requires an exceptional level of safety training, personal 
-«ot«Jti£)n-and--fl-detailed-md6istanding-of-oon)^^ 

Unforeseen safely hazards and accidents will nndoubtedly initiate OSHA s sorutuiy in fee 
woriqdace. High teinperatme procedures wiU place safety as an extreme conoem on flie 
jobsite. 

Client expectations are bound to soar if "bigh tempecatnre restoration'' ia nmketed as a 
sanitation technique. Historical studies on Aemal deatii in bacteria and ^res ranges as 
hi^ as 212*^, making sanitation and unadnevable goaL 

No restoration process is permanent Hi^ temperature is dearly a bensBl in ttie diort- 
tetin; however, stnictures whcae the moishire content Is poorly regulated will retom to 
flidr previous condition. Client traming and orientation to flie maportance of mm n twning 
building performance and moisture oonltols may help lessen claims of misrepresentatoon. 
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Water Damage/Mold Relief 

Escalating water damage and mold liability could cost insurers and property owners 



By Alan Forbess 



F or insurers facing 
extraordinary exposure 
from Hurricanes Katrina 
and Rita, the bad news continues. 
Serious mold contamination is 
now threatening wate r-damaged 



homes and commercial properties 
throughout the region. With 
losses estimated to rise beyond 
$90 billion in flooded New 
Orleans and die Gulf Coast, the 
more than 15,000 adjusters 
dispatched aren't nearly enough to 
handle the region's estimated two 
million claims. Hurricane Wilma 
and recent flooding in the 
Northeast are only compounding 
the problem, for where there's 
flooding that is not addressed 
immediately, mold growth and 
resulting claims will surely 
follow. Moreover, the hurricanes 
may just be the start of painful 
times for insurers and property 
owners if the disruptive weather 
patterns predicted for the rest of 
the century by Purdue University 
researchers prove correct. 

With all this bad news piling 
up, the insurance and real estate 
industries could use some good 
news for a change. A 
revolutionary new heat treatment 
process established in California 
is looking like it could be the 
silver lining to a very cloudy 
period, (providing an alternative 
methodology which could save 
the insurance ' and real estatcu^ 
industries billions of dollars.-' 
ThermaPureHeat may be a big 




part of the solution. 
ThermaPureHeat has proven to be 

an effective alternative to 
traditional demolition-based 
remediation and building dry-out 
methods, potentially saving US 
insurers billions of dollars over 
the next several years. 

The process, developed by E- 
Therm, an environmental 
remediation innovator based in 
Ventura, Calif., uses superheated, 
dehumidified air to disinfect, 
decontaminate, and dry out 
buildings in much the same way 
heat is used to pasteurize milk and 
kill bacteria in wine. 

In the ThermaPureHeat 
process, technicians use propane- 
powered portable heaters and air 
blowers to inject superheated air 
into die affected space, raising the 



temperature of a single room or 
entire structure to as much as 160 
degrees Fahrenheit for several 
hours. Heat has shown to be 
effective in destroying active 
mold growth sites, and kills viable 
mold spores, bacteria, viruses, 
insects, and other heat-sensitive 
pests and organisms. Heat also 
accelerates the off-gassing of 
odors and toxins, even in 
inaccessible areas, without the use 
of chemicals. One of the main 
benefits of heat is that the proper 
application can dry out wet 
buildings much quicker than the 
traditional method of simple air 
movement and dehumidification 
typically used by flood restoration 
contractors. 

Whether applied to aid in 
disaster recovery or in addressing 



more routine water intrusion 
problems, insurers and property 
owners are fmding that heat offers 
an effective alternative or adjunct 
to costly traditional demolition- 
based mold remediation and flood 
restoration. 

Used in conjunction with 
limited "remove and replace" 
remediation or as an alternative to 
it in some instances, the heat 
treatment process could minimize 
liability and mcrease clearance 
testing success rates. Heat also 
allows the contractor to treat 
many building materials in place, 
avoiding the cost and expense of 
unnecessary removal of walls, 
flnnring, cabinetry and_ 



more significantly, the Cost of 
insuring lost business - can, in 
fact, sometimes exceed 
remediation costs. 

Inaccessible areas such as wall 
cavities, crawlspaces, headers, 
doorjambs, and vapor barriers 
present another dilemma. Either 
spend prohibitively to reach, 
remove, and replace building 
structures in these inaccessible 
areas - or leave them with 
potential live mold or mold spores 
which could pose a re-infestation 
hazard. 

Removal and replacement of 
mold-affected areas can also be 
complicated by other factors - 
such as w hen building structures 



managed in place at lower cost in 
many instances; the same is true 
of mold today." 

According to Geyer, the 
industrial hygiene community has 
been focusing on the symptom - 
mold - while failing to properly 
address the cause - moisture. 

"If physical removal is the 
only acceptable remediation 
method, you may as well 
demolish the building," says 

Geyer. "Because you can't 

simply scrub mold off the surface 
when its roots grow into the 
substrate.*' Geyer explains that 
mold, as a fungus, is a plant 
without chlorophyll whose roots 
grow into the substrate of building 



furnishings. 



like studs or floor joists are 
structurally netes^aiy, or When 
historical features such as frescos, 
carved wood, _ or decorative 
plasters prove difficult or 
prohibitively expensive to replace. 

Reining in Mold Liability 

Some in the industrial hygiene 
community feel that the sky-high 
cost of mold liability can be 
brought back down to earth by 
refocusing on the basics. 

"Mold remediation today is 
stuck in the mindset of early 
asbestos remediators who 
believed that everything had to be 
ripped out regardless of the cost," 
says Michael Geyer, P.E., C.I.H., 
C.S.P., who's President of 
Kemtec Industries, a Calif -based 
environmental consulting firm. 
"Remediators later learned that 
asbestos could be more effectively 



materials and whose spores are 
like the seed-beariHg f hiiU o f a 
tree. 

'To properly handle mold, you 
have to handle the moisture 
problem," adds Geyer. "Applying 
heaf through" a process like 
ThermaPure's is not only lethal to 
mold and other biohazards like 
bacteria and insects, but it also 
dries out the substrate, structure, 
and architectural elements. This 
helps prevent future recurrences 
since the substrate is no longer 
hospitable to growth." 

"Mold in a wall cavity doesn't 
necessarily need to be removed as 
long as it's effectively killed and 
not part of the occupied space," 
says Geyer. "In instances of mild 
to moderate water intrusion of 
short duration, substrate removal 
is usually unnecessary and 
unwarranted except when visibly 



Drawbacks of Traditional 
Mold Remediation 

Traditional mold remediation 

typically includes limited or^ 
extensive demolition of impacted 
building materials, and extensive 
cleaning using techniques such as 
wire brushing, sanding, HEPA 
vacuuming and microbial wipe 
down. This has been the standard 
mold remedy, which is cosUy and 
time consuming. As with all 
response' 'a^ the more 

extensive the tear down the higher 
the build back costs. 

"Cost escalates when 
suspected mold requires the tear 
down and build back of structures 
that may be salvageable," says Joe 
McLean, CEO of Alliance, a 
Calif.-based environmental 
contractor that deals extensively 
in mold and asbestos remediation. 
"For instance, if a consultant 
specifies removal of a 4-foot 
perimeter on four walls because 
moisture has wicked up one, the 
tear down and build back of 
showers, cabinets, countertops 
and such can . significantly 
increase costs." 

Because insurers often cover 
building structures, their contents, 
as well as loss of use, long 
remediation projects that vacate 
the occupants for weeks^ or 
months can also rack up high 
secondary costs. The cost for 
replacement housing, meals - or 




contaminated or when 
architectural elements are 
compFomised. That's where heat 
treatments like ThermaPure can 
be effective for managing mold in 
place. It penetrates cracks, 
crevices, and typically 
inaccessible areas like wall 
cavities at a fraction of the cost of 
removal and replacement." 



the 



Don't Demolish 
Bottom Line 

When a water loss incident 
with detectable but no visible 
mold affected office space at a 
Juvenile Hall in a Monterey 
County, Calif, gross removal 
including the impacted wall cavity 



building inspections Yevealed 
water damage or elevated 
moisture levels in 109 of 122 
residential units, along with an 
extensive termite problem. 
Complications included an 
accelerated restoration schedule, 
budget constraints, and a summer 
occupancy schedule which was 
already booked. 

The consultant recommended 
the ThermaPureHeat process to 



properties in lieu of destructive 
removal." 

PDG Environmental, a 
national environmental 
remediation contractor, used the 
ThermaPure process in New 
Orleans after recent hurricane 
activity. "We used it to polish off 
any mold or bacteria left after 
traditional remediation on a 
commercial site that was flooded 
with sewage-contaminated water," 



restrict demolition to only those — said John Regan, Chair man and 



areas where physical damage or 
visible mold growth was present. 
Of the 109 units needing 
remediation, only 10 units 
required extensive demolition, 
including cabinetry or shower 



airman 

CEO of PDG Environmental. "It 
dried out the building extremely 
quickly and helped us meet 
clearance levels." 

Geyer adds, "Had the heat 
treatment been widely used in 



was estimated at $20,000. 
Instead, tEe County opted to~ 
manage the mold in place using 
the ThermaPure process.- The 
impacted area was heated to 160 
degrees Fahrenheit while 
maintaining 145 degrees 
Fahrenheit in wall cavities and 
other inaccessible spaces in 
{excess of two hours. Mold i 
Iremediation protocol including I 
jcritical barriers, negative airj 
ipontainment, and HEPAj 
vacuuming were implemented as* 
well. 

Afterward, post remediation 
viable samples analyzed by 
Hygeia Labs of Pasadena, CA 
revealed no viable mold/fungi 
detected within the impacted wall 
cavity. Costly gross remediation 
was avoided and inaccessible 
areas received additional drying., 

\ The savings to the County using! 

iThermaPure in lieu of gross! 
remediation was $17,000. 

Because ThermaPure treating 
a structure generally takes less 
than eight hours, no multiple day 
move outs are required. This 
minimizes business disruption and 
loss as well as any secondary 
costs such as for housing or 
meals. 

A Case Study 

Recently, a large investment 
group purchased a student 
housing complex at a major 
Southern California university. 
During the due diligence period, 



stall removal. ThermaPure 
effectively killed the mold in 
inaccessible areas, allowing 
minimal removal and replacement 
as part of site remediation. 

This significantly cut required 
"restoratiori'"tim'e''and~:costs: All" 
units were HEPA cleaned and 
sampled as part of traditional post 
remediation testing, with all 122 
units passing. By working in 
selected buildings and moving 
quickly through the complex, the 
university was able to house 
specialty groups and camps 
throughout the summer, meeting 
its stated obligations and 
generating revenue without 
interruption. 

Total savings were estimated 
at $4 million using ThermaPure 
compared to traditional remove 
and replace remediation, which 
would have closed the facilities to 
summer use and required 
extensive tear down and rebuild 
expenditure. The heat treatment 
simultaneously eradicated the 
termite infestation. 

"Heat treatments like 
ThermaPure' s are a win- win for 
the insurance company and 
property owner," says Michael 
Geyer, P.E., C.I.H., C.S.P. "Heat 
is even being used to achieve final 
clearance on tough traditional 
remediation projects where typical 
methods often fail. It can be used 
to salvage moisture-damaged 
contents instead of disposal and 
can help preserve historical 



New Orleans and other hurricane 
ravaged — areas; — buildings — with" 
minor to moderate water damage 
could have been rapidly 
rehabilitated for far less than 
typical remove and replace 
^"remediation:" 

Since ThermaPure can raise 
temperatures in targeted areas or 
entire structures to levels lethal to 
biological pests, it has been 
successfully used against mold 
and fungi, bacteria and viruses, 
insect infestations, and to improve 
indoor air quality by accelerating 
the off-gassing of odors . and 
toxins. 

Alan Forbess is President 
of Criterion Environmental, a 
full-service environmental 
consulting firm based in 
Ventura, California. He is a 
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Exposure to molds can cause human disease through several 
well-defined mechanisms. In addition, many new mold-related 
illnesses have been hypothesized in recent years that remain 
largely or completely unproved. Concerns about mold exposure 
and its effects are so common that all health care providers, 
particularly allergists and immunologists, are frequently faced 
with issues regarding these real and asserted mold-related 
illnesses. The purpose of this position paper is to provide a 
state-of-the-art review of the role that molds are known to play 
in human disease, including asthma, allergic rhinitis, allergic 
bronchopulmonary aspergillosis, sinusitis, and hypersensitivity 
pneumonitis. In addition, other purported mold-related 
illnesses and the data that currently exist to support them are 
carefully reviewed, as are the currently available approaches 
for the evaluation of both patients and the environment. 
(J Allergy Clin Immunol 2006;117:326-33.) 

Key words: Mold, fungi, hypersensitivity, allergy, asthma 

Exposure to certain fungi (molds) can cause human 
illness. Molds cause adverse human health effects through 
3 specific mechanisms: generation of a harmful immune 
response (eg, allergy or hypersensitivity pneumonitis 
[HP]), direct infection by the organism, and toxic-irritant 
effects from mold byproducts. For each of these defined 
pathophysiologic mechanisms, there are scientifically 
documented mold-related human diseases that present 
with objective clinical evidence of disease. Recently, in 
contrast to these well-accepted mold-related diseases, a 
number of new mold-related illnesses have been hypoth- 
esized. This has become a particular issue in litigation that 
has arisen out of unproved assertions that exposure to 
indoor molds causes a variety of ill-defined illnesses. 
Many of these illnesses are characterized by the absence of 
objective evidence of disease and the lack of a defined 
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pathology and are typically without specificity for the 
involved fiingus-fiingal product purported to cause the 
illness. 

In this position paper we will review the state of the 
science of mold-related diseases and provide interpre- 
tation as to what is and what is not supported by scientific 
evidence. This is important for members of the allergy- 
clinical immunology community, who are frequently 
asked by patients, parents, and other interested parties to 
render opinions about the relationship of mold exposure to 
a variety of patient complaints. Given the nature of this 
document, key rather than exhaustive citations are pro- 
vided. The latter can be found in documents such as the 
Institute of Medicine reports "Damp indoor spaces and 
health"^ and "Clearing the air: asthma and indoor air 
exposure."^ 

THE RELATIONSHIP OF MOLDS TO 
ALLERGY AND ASTHMA 

It is estimated that approximately 10% of the population 
have IgE antibodies to common inhalant molds. About 
half of these individuals (5% of the population) arc 
predicted to have, at some time, allergic symptoms as a 
consequence of exposure to fungal allergens.'* Although 
indoor fungal allergen exposure occurs, outdoor exposure 
is generally more relevant in terms of sensitization and dis- 
ease expression. The role of indoor fiingi in the pathogen- 
esis of allergic disease has been extensively reviewed 
in recent reports from the Institute of Medicine of the 
National Academy of Science.* 

Sensitization to fungi, particularly Alternaria alternata, 
has been linked to the presence, persistence, and sever- 
ity of asthma.^ Exposure to atmospheric fungal spores 
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(principally in the outdoor environment) has been related 
to asthma symptoms and medication use in children with 

asthma.^ 

The association of asthma symptoms and exposure to 
indoor fungi is less clearly established. Literature reviews 
suggest that children living in damp houses, homes with 
visible mold growth, or both were more likely to experi- 
ence lower respiratory tract symptoms of cough and 
wheeze than children who do not/'^ Recent prospective 
epidemiologic studies have shown that infants at risk for 
asthma, defined by a maternal history of asthma, who are 
exposed to high concentrations of indoor fiingi (in addition 
to cockroach allergen and nitrogen dioxide sources) in the 
first year of life are at risk for persistent wheezing and 
cough. ^"^^ These and similar epidemiologic reports fall 
short of prospective studies that control for confounding 
factors, such as humidity and other airborne allergens 
and irritants. 

Molds are often presumed to be an important cause of 
the other atopic manifestations, including allergic rhinitis 
and, to a far lesser degree, atopic dermatitis. Abundant 
published data have established diat sensitization (by skin 
testing, circulating IgE antibodies, or both) to one or more 
airborne molds occurs in these diseases, although sensi- 
tization is less frequent to molds than to pollens, animal 
danders, and house dust mite. 

Current studies do not conclusively demonstrate a 
causal relationship of airborne mold exposure and clinical 
manifestations of allergic rhinitis. The data on outdoor 
molds (eg, Alternaria species and basidiomycetes) pur- 
portedly causing allergic rhinitis are indirect and conflict- 
ing.' '"^^ Studies attempting to correlate indoor molds with 
symptomatic allergic rhinitis are even more problematic 
because of such methodological uncertainties as lack of 
quantitative mold sampling '"^ '^ and inclusion of upper 
respiratory tract infections.'^ 

Published reports document mold sensitivity in some 
children and adults with atopic dermatitis. However, 
there are no publications that establish a causal role for air- 
borne molds in this disease rather than the IgE antibodies 
simply reflecting an expected concomitant of their atopic 
state. There are no credible reports in the medical literature 
documenting indoor exposure to molds as a cause of 
the nonatopic IgE-mediated diseases (eg, urticaria-angio- 
edema and anaphylaxis). 

Conclusions: 

• Atopic patients (those with allergic asthma, allergic 
rhinitis, and atopic dermatitis) commonly have IgE 
antibodies to molds as part of polysensitization. 

• Allergic responses to inhaled mold antigens are a rec- 
ognized factor in lower airway disease (ie, asthma). 

• Currently available studies do not conclusively prove 
that exposure to outdoor airborne molds plays a role 
in allergic rhinitis, and studies on the contribution of 
indoor molds to upper airway allergy are even less 
compelling. 

• Exposure to airborne molds is not recognized as a 
contributing factor in atopic dermatitis. 



• Exposure to airborne molds is not recognized as a 
cause of urticaria, angioedema, or anaphylaxis. 

• Patients with suspected mold allergy should be 
evaluated by means of an accepted method of skin or 
blood testing for IgE antibodies to appropriate mold 
antigens as part of the clinical evaluation of potential 
allergies. 

ALLERGIC BRONCHOPULMONARY 
ASPERGILLOSIS AND SINUSITIS 

Allergic bronchopulmonary aspergillosis (ABPA) is a 
well-recognized clinical entity affecting individuals with 
asthma or cystic fibrosis.^' A variety of fungi in addition 
to Aspergillus fumigatus can produce a similar clinical 
picture. The critical element in ABPA is an underlying 
anatomic change in the lung and not a specific mold 
exposure because at-risk individuals will have ongoing 
exposures caused by the ubiquitous nature of the fungi 
involved. Exposure to A fumigatus can occur both from 
indoor and outdoor sources. 

Allergic fungal sinusitis is similar to ABPA in that it 
is a localized hypersensitivity condition resulting from 
fungal growth in an area of abnormal tissue drainage.^^ 
Although originally attributed primarily to A fumigatus y 
other fungi, particularly mitosporic (formerly known as 
Deuteromycetes or imperfect fungi) fiingi are more com- 
monly implicated (eg, Curvularia and Bipolaris species). 
Almost uniformly there is allergic sensitization to multi- 
ple allergens, including the fungus implicated in the 
affected sinus. Criteria for this condition have been well 
delineated, and it is generally readily distinguishable 
from typical chronic sinusitis. Specific criteria for diag- 
nosis include eosinophilic mucus demonstrating non- 
invasive fungi, type 1 hypersensitivity (history, positive 
skin test result, or positive in vitro test result to aller- 
gens), nasal polyposis, and characteristic radiographic 
findings. 

It has recently been proposed that most cases of chronic 
rhinosinusitis (CRS) are attributable to sensitivity to fungi. 
In particular, Alternaria species were suspected because 
most patients had these organisms recovered by means 
of culture from sinus surgeiy specimens. However, these 
organisms are frequently recovered from the nasal cavities 
of healthy individuals. Although some evidence for 
an immune response to these fiingi in patients with 
CRS has been presented, clear-cut evidence for this as 
die cause of CRS is still lacking, and treatment with 
intranasal antifungal agents (eg, amphotericin) has not 
been conclusively demonstrated to be an effective 

23 

treatment. 
Conclusions: 

• ABPA and allergic fungal sinusitis are manifestations 
of significant hypersensitivity to fiingi, particularly 
Aspergillus species. 

• Data supporting the role of fungi in CRS are lacking at 
this time. 
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HYPERSENSITIVITY PNEUMONITIS 

HP, also referred to as extrinsic allergic alveolitis, is a 
disease that exists in acute, subacute, and chronic forms but 
with considerable overlap. It is an allergic disease in which 
the allergen is inhaled in the form of an organic dust of 
bacterial, fungal, vegetable, or avian origin. Both sensiti- 
zation and the elicitation of the disease state generally 
require high-dose exposure, prolonged exposure, or both 
to the causative allergen. Many cases are, in fact, occupa- 
tional because of this. There are reports of a similar, if 
not identical, disease from workers exposed to inhaled 
chemicals, especially isocyanates. A few instances of the 
disease have been attributed to systemically administered 
drugs. 

HP is rare, and most cases have been reported in certain 
occupations, such as farming, and in hobbyists, such as 
persons who raise pigeons. It is not a reportable disease, 
and therefore prevalence and incidence are difficult to 
estimate. The immunopathogenesis of the disease is 
believed to be cell-mediated (delayed) hypersensitivity. 
Allergen-specific precipitins are often present in serum 
and are important is establishing exposure. Precipitins 
might also play a role in the mechanism of the acute phase 
of the disease. HP results in acute episodes of noninfec- 
tious, immunologically mediated interstitial pneumonitis 
(ie, alveolitis), which might eventually produce restrictive 
irreversible lung disease. 

The diagnosis requires a clinical and environmental 
history, relevant physical examination findings, chest 
radiography or computed tomographic scanning, high- 
resolution computed tomographic scanning, pulmonary 
function testing, bronchoalveolar lavage, and transbron- 
chial or open lung biopsy. Specific diagnosis of the re- 
sponsible allergen is performed by testing for IgG antibody 
to the allergen extract, typically by testing for the presence 
of precipitins in the Ouchterlony double-diffusion assay. 
In some instances provocation inhalation challenge to the 
suspected allergen extract might be necessary to replicate 
pertinent clinical and laboratory responses. Finally, a 
favorable response to the elimination of the inhaled 
antigen, administration of prednisone, or both is confir- 
matory. Because a differential diagnosis covers a number 
of respiratory diseases, an accurate diagnosis of HP 
demands that the clinical diagnosis be ensured. 

Exposure to domestic specific indoor fungal spores is 
an extremely unlikely cause of HP, except in highly 
unusual circumstances, such as workplace exposure. 

Conclusions: 

• HP is an uncommon but important disease that can 
occur as a result of mold exposure, particularly in 
occupational settings with high levels of exposure. 

INFECTION 

Superficial mold infections (eg, tinea cruris, onycho- 
mycosis, and thrush) are common in healthy individuals 



and result primarily from local changes in the cutaneous 

or mucosal barrier, resident microflora, or both.^'*'^^ 
These infections are not the result of environmental ex- 
posure, except occasionally as related to certain animal 
vectors. Indeed, molds of the Malassezia genus are resi- 
dent on the vast majority of human subjects and only 
become evident as "tinea versicolor" during periods of 
more exuberant growth. A limited number of molds (eg, 
coccidiomycosis. histoplasmosis, and blastomycosis) are 
aggressive pathogens in otherwise healthy persons. 
Acquisition of these infections is generally related to spe- 
cific outdoor activities-exposures. Individuals with recog- 
nized primary and secondary immunodeficiency disorders 
are at increased risk for infection with a wide range of op- 
portunistic fungi, with the risk varying with the degree and 
nature of the specific immunodeficiency. Opportunistic 
fungal infections are typically associated with cellular 
rather than (isolated) humoral immunodeficiencies. 
Generally, host factors, rather than environmental expo- 
sure, are the critical factor in the development of opportun- 
istic mold infection in immunocompromised individuals 
because exposure to potential fungal opportunistic patho- 
gens (eg, Aspergillus species) is ubiquitous in normal 
outdoor and indoor environments. Accepted histologic 
and microbiologic methods should be used to make the 
diagnosis of fungal infection. 

Conclusions: 

• Common superficial fungal infections are determined 
by local changes in the skin barrier, resident micro- 
flora, or both. 

• A very limited number of aggressive fungal patho- 
gens can be acquired through specific outdoor exposures. 

• Host factors, rather then environmental exposure, 
are the main determinant of opportunistic fungal 
infection. 

TOXIC EFFECTS OF MOLD EXPOSURE 
Ingestion 

Ingestion of mycotoxins in large doses (generally on the 
order of a milligram or more per kilogram of body weight) 
from spoiled or contaminated foods can cause severe 
human illness. Toxicity from ingested mycotoxins is pri- 
marily a concern in animal husbandry, although human 
outbreaks do occur occasionally when starvation forces 
subjects to eat severely contaminated food. Specific 
adverse effects from a given toxin generally occur in a nar- 
rower and better-defined dose range than for immunologic 
or allergic effects that might vary across much broader 
dose ranges. Some mycotoxins, such as ocratoxins and 
aflatoxins, are commonly found in food stuffs, including 
grain products and wines, and peanut products, respec- 
tively, such that there are governmental regulations as to 
the amounts of allowable aflatoxin in foods.^^'^^ Acute 
high-intensity occupational exposures to mixed bioaero- 
sols have given rise to a clinical picture called "toxic 
dust syndrome." The nature of the responsible agent or 
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agents in that condition remains undefined, and the 
observed adverse effects reported have been transient. 
Such exposures are highly unlikely in nonoccupational 
settings. 

Toxicity caused by inhalation 

The term mold toxicity as used here refers to the direct 
injurious effects of mold-produced molecules, so-called 
mycotoxins, on cellular function. Toxicity should not 
be used to refer to changes related to innate immune 
responses (eg, nonspecific inflammation caused by 
mold particulates) or to adaptive immune responses (eg, 
induction of IgE or IgG antibodies). Mycotoxins are 
low-molecular-weight chemicals produced by molds that 
are secondary metabolites unnecessary for the primary 
growth and reproduction of the organisms. In-depth re- 
view of the toxicology of mycotoxins and their potential 
for adverse health effects can be found elsewhere.'*^ It is 
important to emphasize key principles of toxicology rele- 
vant to patient concerns about possible toxic effects from 
mold exposure. 

Only certain mold species produce specific mycotoxins 
under specific circumstances. Importantly, the mere pres- 
ence of such a mold should not be taken as evidence that 
the mold was producing any mycotoxin. For a toxic effect 
to occur in a subject, ( 1 ) the toxin must be present, (2) there 
must be a route of exposure, and (3) the subject must 
receive a sufficient dose to have a toxic effect. In the 
nonoccupational setting the potential route of exposure is 
through inhalation. Mycotoxins are not volatile and, if 
found in the respirable air, are associated with mold spores 
or particulates. They are not cumulative toxins, having 
half-lives ranging from hours to days depending on the 
specific mycotoxin. Calculations for both acute and sub- 
acute exposures on the basis of the maximum amount of 
mycotoxins found per mold spore for various mycotoxins 
and the levels at which adverse health effects are 
observed make it highly improbable that home or office 
mycotoxin exposures would lead to a toxic adverse health 
effects. ^'^^ 

Thus we agree ^ with the American College of Occu- 
pational and Environmental Medicine evidence-based 
statement and the Institute of Medicine draft, which 
conclude that the evidence does not support the conten- 
tion that mycotoxin-mediated disease (mycotoxicosis) 
occurs through inhalation in nonoccupational settings. 
Furthermore, the contention that the presence of myco- 
toxins would give rise to a whole panoply of nonspecific 
complaints is not consistent with what is known to occur; 
when a toxic dose is achieved (eg, through ingestion of 
spoiled foods), there is a specific pattern of ilhiess seen for 
specific mycotoxins. 

Conclusions: 

• The occurrence of mold-related toxicity (mycotoxico- 
sis) from exposure to inhaled mycotoxins in nonoccu- 
pational settings is not supported by the current data, 
and its occurrence is improbable. 



IRRITANT EFFECTS OF MOLD EXPOSURE 

The Occupational Health and Safety Administration 
defines an irritant as a material causing **a reversible 
inflammatory effect on living tissue by chemical action at 
the site of contact. '* Irritant effects are dose related, and the 
effects are transient, disappearing when the exposure has 
decreased or ceased. 

Molds produce a number of potentially irritating sub- 
stances that can be divided into volatile organic com- 
pounds (VOCs) and particulates (eg, spores, hyphae 
fragments, and their components). The threshold level of 
uritant response depends on the intrinsic properties of the 
specific material involved, the level plus length of expo- 
sure, and the innate sensitivity of the exposed tissues 
(eg, the skin versus nasal mucosa). 

VOCs made by molds (MVOCs) are responsible for 
their musty odor. MVOCs include a wide range of alco- 
hols, ketones, aldehydes, esters, carboxylic acids, lactones, 
terpenes, sulfur and nitrogen compounds, and aliphatic and 
aromatic hydrocarbons.^^ Although levels causing irritant 
effects have been established for many VOCs, MVOC 
levels measured in damp buildings are usually at a level 
so low (on the order of nanograms to micrograms per cubic 
meter) that exposure would not be expected to cause com- 
plaints of irritation in human subjects.^ ^ Because there are 
other sources of VOCs indoors, measurement of indoor 
airborne concentrations of MVOCs is rarely done. 

Mold particles (spores, hyphal fragments, and their 
structural components) are not volatile. These stmctural 
mold compounds (particulates) have been suggested to 
cause inflammation through deposition on mucus mem- 
branes of their attached glucans and mannans. However, 
whether such effects occur clinically remains unproved. 
In fact, subjects exposed to airborne concentrations of 
between 215,000 and 1,460,000 mold spores/m^ at work 
showed no differences in respiratory symptoms at work 
versus while on vacation nor was there evidence of in- 
creased inflammatory markers in their nasal lavage fluids 
related to their mold exposure at work.^^ Thus mold par- 
ticulates generally found indoors, even in damp buildings, 
are not likely to be irritating. 

It should be emphasized that irritant effects involve the 
mucus membranes of the eyes and upper and lower res- 
piratory tracts and are transient, so that symptoms or signs 
persisting weeks after exposure and those accompanied by 
neurologic, cognitive, or systemic complaints (eg, chronic 
fatigue) should not be ascribed to irritant exposure. 

Conclusions: 

• The occurrence of mold-related irritant reactions from 
exposure to fungal irritants in nonoccupational settings 
are theoretically possible, although unlikely to occur 
in the general population given exposure and dose 
considerations. 

• Such irritant effects would produce transient symp- 
toms-signs related to the mucus membranes of the 
eyes and upper and lower respiratory tracts but would 
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not be expected to manifest in other organs or in a sys- 
temic fashion. 

• Further information about thresholds for irritant reac- 
tions in at-risk populations is needed to better define 
the role of molds, mold products, and other potential 
irritants in such individuals. 

IMMUNE DYSFUNCTION 

The question has been raised as to whether mold or 
mycotoxin exposure can induce disorders of immune 
regulation. At this time, there is no credible evidence to 
suggest that environmental exposure to molds or their 
products leads to a state of clinically significant altered 
immunity expressed as either immunodeficiency or auto- 
immunity. The published literature in this regard is of 
particularly poor quality and should not be relied on as 
scientifically valid."'"^''''* Individuals who have had intense 
occupational mold exposures do not manifest opportunis- 
tic infections or other findings of immunodeficiency, and 
thus even the most intense form of airborne mold exposure 
is not a recognized cause of secondary immunodeficiency 
in human subjects. Some mycotoxins are immunosuppres- 
sive and used for this purpose clinically (eg, cyclosporine). 
However, the doses involved are not relevant to what 
might have been found in the environment. Doses that 
might be seen in environmental exposures are discussed 
in other sections of this article (toxicity and environmental 
sections). Testing of a wide range of nonspecific immuno- 
logic parameters, such as immunophenotyping of lympho- 
cytes beyond those parameters having known clinical 
utility (eg, total B and CD3, CD4, and CDS cells) or 
measurement of serum cytokines is not appropriate for 
assessing subjects for immunodeficiency in general and 
for mold-induced immune dysregulation specifically.^^ 

There is also no reliable evidence for mold exposure in 
any setting being a linked to the induction of autoimmune 
diseases in human subjects. Although certain viral and 
bacterial infections appear to have a relationship to the 
induction-precipitation of autoimmune diseases, such an 
association has not been established for any known mold 
exposure. The measurement of clinically useful tests of 
autoimmunity (eg, antinuclear antibody), much less test- 
ing of a broad array of non validated autoantibodies (eg, 
putative antibodies to central or peripheral myelin), is 
not indicated, and such testing should not be used to indi- 
cate mold exposure or mold-related disease. 

This practice of testing many nonvalidated immune- 
based tests, as has been done previously to suggest an im- 
munologic basis for idiopathic environmental intolerance 
(multiple chemical sensitivity), is expensive and does not 
provide useful information that will be of benefit in diagno- 
sis, management, or both of disease and is to be discouraged. 

Conclusions: 

• Exposure to molds and their products does not induce a 
state of immune dysregulation (eg, immunodeficiency 
or autoimmunity). 



• The practice of performing large numbers of nonspe- 
cific immune-based tests as an indication of mold 
exposure or mold-related illness is not evidence based 
and is to be discouraged. 

LABORATORY ASSESSMENT 
Patient assessment 

Measurement of IgE antibodies to mold proteins. As- 
sessment for IgE antibodies to mold antigens has clearly 
been validated as a measure of potential allergic reactivity 
to mold. This assessment can be done through either in vivo 
or in vitro testing. The relative strengths of these different 
forms of testing have been reviewed recently, In gen- 
eral, there is a weaker correlation between in vivo and 
in vitro testing for IgE antibodies to mold antigens than 
for other antigens, partly as a result of the heterogeneity 
of extractable mold proteins. A positive IgE antibody level 
to mold proteins without appropriate clinical evaluation 
should not necessarily be taken as an indicator of clinical 
disease. In addition, the presence of IgE antibodies to a 
mold cannot be used to determine the dose or timing of 
prior exposures. Although IgE antibodies to Stachybotrys 
species can be detected through in vitro or in vivo testing, 
such testing should be discouraged. Stachybotrys species 
is unlikely to be a relevant clinical allergen in human sub- 
jects because it is poorly aerosolized and far less common 
than other well-established mold allergens. 

Measurement of I gG antibodies to mold proteins. Assess- 
ment of IgG antibodies to mold proteins can be performed 
through immunoprecipitation-double diffusion or solid- 
phase immunoassays.^' Such testing has demonstrated 
value in assessment of individuals with suspected HP or 
allergic bronchopulmonary mycosis. Immunoprecipitation 
assays have been classically used for the assessment of 
HP, and although they measure all classes of antibodies pre- 
sent, they are primarily detecting IgG antibodies. Such test- 
ing (immunoprecipitation or solid-phase IgG testing) is 
appropriate to perform only in the setting of a clinical pic- 
ture, including history, physical examination, imaging stud- 
ies, and other laboratory assessments, suggesting HP or 
allergic bronchopulmonary mycosis as part of the differen- 
tial diagnosis. Use of these tests as screening procedures 
for these diseases in the absence of an appropriate clinical 
picture is discouraged. 

Immunoprecipitation testing remains the standard 
approach because the presence of precipitating antibodies 
is strong supportive evidence in the appropriate clinical 
setting. However, as many as half of highly exposed 
individuals might have precipitating antibodies in the 
absence of any clinical disease. Solid-phase immuno- 
assays have not been widely used for the specific diagnosis 
of these diseases. Although newer assays are quantitative, 
the actual level of IgG antibody that would be associated 
with either HP or ABPA has not been defined. Therefore 
a level of mold antigen-specific IgG antibody above a 
statistically defined reference range cannot be taken as 
evidence for HP or ABMA with the same strength as 
immunoprecipitation testing. Limited studies suggest that 
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the level of a specific IgG antibody that would be 
associated with HP could be 5-foid or greater than the 
upper limit of the nondiseased group reference range. Use 
of older-generation, semiquantitative, solid-phase immu- 
noassays is not recommended. 

Testing for IgG antibodies to mold proteins cannot be 
used as a surrogate to assess either the level or timing of 
specific mold exposures."^^ This is not surprising given 
the widespread occurrence of molds in the environment. 

Measurement of antibodies of isotypes other than IgG 
(eg, IgA and IgM) to mold is not useful to assess mold 
exposure. However, the differential response of IgM and 
IgG antibodies is useful in diagnosis with specific orga- 
nisms (eg, coccidioidomycosis). IgM levels have not been 
shown to relate to specific airborne exposures to molds in 
the absence of infection because mold exposure is com- 
mon and generally ongoing. Measurement of IgA anti- 
bodies to airborne molds has not been shown to be related 
to a specific timing of exposure, and the claim that in- 
creased IgA antibodies to mold represents a more recent 
exposure than IgG antibodies is not supported by scientific 
evidence. Measurement of salivary IgA to mold as a 
marker of mold exposure has not been shown to have 
scientific validity. 

Measurement of antibodies to mycotoxins. Myco- 
toxins are not proteins but low-molecular- weight chemi- 
cals. There is no scientific basis to support measurement of 
alleged naturally occurring antibodies to various myco- 
toxins as a marker of exposure to mycotoxins. Evidence of 
natural exposures from ingestion in human subjects and 
animals and use of these compounds in clinical medicine 
does not support the concept of naturally occurring 
antibodies. Such testing has not been validated and can- 
not be relied on as an indication of exposure to any 
mycotoxin.^^ 

Conclusions: 

• Measurement of antibodies to specific molds has 
scientific merit in the assessment of IgE-mediated 
allergic disease, HP, and allergic bronchopulmonary 
mycosis. 

• Measurement of antibodies to molds cannot be used as 
an immunologic marker to define dose, timing, and/or 
location of exposure to mold antigen inhalation in a 
noninfectious setting. 

• Testing for antibodies to mycotoxins is not scientifi- 
cally validated and should not be relied on. 

Measurement of molds and mold product 
exposure in the patient's environment 

An in-depth analysis of methods to measure fungal 
organisms, mold products, and mycotoxins in the envi- 
ronment is outside the bounds of this article. Such 
information is reviewed in depth elsewhere."^^'"^^ 

Measurement of fungi in the subjects environment. 
Measurement of airborne fungal spores in the subject's 
environment by using culture methods, nonculture 
methods, or both is commonly used. Air testing provides 



the most relevant measure of exposure and is usually 
reported as colony-forming units or spores per cubic meter 
of air. However, this testing suffers from the drawback that 
it is a snapshot that does not integrate exposure over time 
and provides data only about the location of sampling. 
Indoor testing must be compared with outdoor testing and 
preferably with more than one outdoor sample. Currently 
there are no standards as to what constitutes acceptable 
levels of outdoor or indoor airborne fungal spores. 

Given these caveats, the levels of airborne ftingal spores 
found in an indoor setting can be considered in relative and 
absolute terms. Indoor fungal spores arise from outdoor 
sources present within soil and vegetation. Therefore an 
increase in indoor-outdoor concentrations of specific fungi 
indicates the presence of an indoor source. Depending on 
clinical or other indications, it might be necessary to locate 
the source and, if necessary, take appropriate action. Total 
fungi spores that are greater in concentration in indoor 
than outdoor air might be potential evidence of increased 
fungal presence indoors. However, in normal indoor 
environments xerophillic fungi, such as Aspergillus and 
Penicillium species^ might be found indoors at levels 
above those measured outdoors on a given day. Even 
when the fungal levels are greater indoors than those out- 
doors, health risks would be limited in most cases, except 
to the subject specifically allergic to the mold in question. 
Absolute fiingal spore levels indoors can be put into con- 
text when one realizes that outdoor levels can reach tens of 
thousands of fungal spores per cubic meter and hundreds 
of thousands per cubic meter or higher around rotting veg- 
etation compost or in agricultural settings, such as in grain 
elevators. 

Bulk, surface, and within-wall cavity measurements of 
fungi, although sometimes indicating the presence of 
fungi, do not provide a measure of exposure. Fungi found 
in these places require a route of exposure through 
air (aerosolization and entry into the patient's respirable 
air) that involves many factors not included in these 
measurements. Such testing should not be used to assess 
exposure. 

Measurement of fungal products in the 
patient's environment 

Another approach to measure of potential fungal 
exposure is to test for fungal products in the environment. 

Structural fungal materials. Testing for the levels of 
general mold structural material (eg, p-glucans in settled 
dust) has been used to try to integrate levels of potential 
exposure to molds in general over time. Although an 
interesting research avenue, such testing does not provide 
any information as to the nature of the specific fungi 
involved or their source (indoor or outdoor), is not useful 
for predicting health effects, and has not found general 
acceptance, as discussed elsewhere. 

Mycotoxins, Specific molds can produce, under some 
conditions, a variety of mycotoxins or none at all. Thus 
measurements of spores cannot be used as surrogates 
of mycotoxin exposure. Mycotoxins can be measured 
direcdy. A variety of methodologies based on mass 
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spectroscopy have been applied to bulk samples with 
heavy fungal growth to identify the presence of myco- 
toxins; however, potential levels of mycotoxins in non- 
agricultural air samples are too low to be measured 
practically with this technology. The occurrence of my- 
cotoxins in bulk sampling does not provide evidence 
of exposure because mycotoxins themselves are nonvol- 
atile. Thus exposure requires inhalation of mycotoxin- 
containing spores or fungal fragments in the respirable air. 
For example, satratoxin H can be found in a sample of 
material with heavy Stachybotrys chartarum growth, but 
Stachybotrys species are not easily aerosolized. Testing 
with crude cytotoxicity of extracted bulk materials suffers 
from a lack of sensitivity and specificity. Such testing can- 
not be relied on to predict or evaluate health effects. 
VOCs, See section on irritant effects above. 

Conclusions: 

• Sampling of both indoor and outdoor air for mold 
spores provides a measure of potential exposures and 
can be useful in certain clinical conditions, but it has 
many shortcomings. 

• Bulk, surface, and within-wall cavity measurement or 
molds or mycotoxins, although having potential rele- 
vance for other purposes, cannot be used to assess 
exposure. 

• Testing for airborne mycotoxins in nonagricultural 
environments cannot be used to diagnose mold 
exposure. 

REMEDIATION 

Issues regarding remediation of mold are beyond the 
scope of this article. Indoor mold growth should be 
addressed. These matters are reviewed at length in the 
Institute of Medicine 2004 report "Damp indoor spaces 
and health.** For an overview, the reader can refer to the 
Occupational Health and Safety Administration document 
"A brief guide to mold in the workplace.**"*^ The true chal- 
lenges of mold remediation are currently being addressed 
in the flood-ravaged areas struck by hurricane Katrina, 
which will unfortunately provide a rich environment for 
the study of both mold-induced disease and mold 

, . 43 44 

remediation. 
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Abstract— As concern about indoor air quality (lAQ) has grown in recent years, understanding indoor 
aerosols has become increasingly important so that control techniques may be implemented to reduce 
damaging health effects and soiling problems This paper begins with a bnef look at the mechanics of 
deposition in the lungs and the aerosol dynamics that influence particles at all times This discussion shows 
that the particle diameters must be known to predict dose or soiling and to determine efficient mitigation 
techniques The particle sizes produced by th e vanous indoor sources , as weM as unusual aspects of each t ype 
of source, must be known so that this process may begin 

This paper summarizes the results of a literature search into the sources, sizes and concentrations of 
indoor particles There are several types of indoor particles plant and animal bioaerosols and mineral 
combustion and home/personal care aerosols These types may be produced indoors or outdoors, entering 
through building openings The sources may be short term, seasonal or continuous Particle sizes produced 
vary from submicrometcr to larger than 10 /im The particles may be toxic or allergenic This information is 
presented m a summary table and is discussed m the text 

Kev word index Particles, indoor air aerosols, parUcles size, indoor sources, lAQ 



INTRODUCTION 

Knowledge of particle sources, sizes, concentrations, 
phases and compositions m indoor air is important 
because of the potential health effects and the prob- 
lems related to deposition on surfaces This literature 
search has been performed to gather this information 
for use in designing test methodologies for air cleaners 
and other mitigation approaches These data will also 
aid m the selection of appropnate air cleaners Indoor 
air quality (lAQ) depends on the results of these 
efforts 

Health implications 

Health effects that result from inhaling indoor 
aerosols are directly related to the particle diameters 
and the total mass inhaled The single most important 
feature m lung deposition is the size of the particles 
Particles larger than 30 //m in aerodynamic diameter 
(the diameter of a unit density sphere of the same 
mass) have low probability of entering the nasal 
passages Figure 1 shows the American Conference of 
Governmental Industnal Hygienist's standards for 
particle sampling to approximate the deposition in 
vanous regions of the respiratory tract (Phalen et al , 
1986) The rapid and sharp changes of direction of air 
flow occurnng in the passages of the nose and pharyn- 
geal region favor deposition of larger particles Most 



of the particles deposited here are 5-10 /im m dia- 
meter 

In the tracheal bronchiolar region, air velocity and 
directional changes decrease The aerodynamic dia- 
meter range favored for deposition in this range is 
from 1 to 5 /im The smaller particles are distributed 
throughout the alveolar segments of the respiratory 
tract As the velocity decreases to virtually zero, more 
time IS available for sedimentation to occur, resulting 
m fewer and fewer particles reaching the alveoli 
Gravity becomes less important as the particles be- 
come smaller, thus particles, usually smaller than 
1 /im, are deposited on alveolar walls mostly by 
diffusion 

The interaction between particles and cells is largely 
dependent on where m the respiratory tract the par- 
ticles deposit For example, particles deposited in the 
alveoli require more mechanisms for removal than 
particles that deposit in the upper respiratory tract 
However, the dose received by the person is dependent 
on the solubility of the particles and other aspects, as 
well as the deposition site 

Bioaerosols, including bacteria and viruses, present 
special health hazards due to the nsk of infection as 
discussed in the animal aerosol section 

For further information, see Casarett (1975), Gard- 
ner and Finley (1983), Hmds (1982), Knight (1980), 
UForce (1986), Lippmann (1972), Nelson et al (1988). 
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Fig 1 The three aerosol mass fractions recommended for particle size-selective sampling 



Parkhurst et al (1988), Phalen et al (1986), Repacc 
and Lowrey (1985), Revsbech et al (1987) and Tune! 
(1985) 

Soiling 

Problems caused by indoor aerosols, other than 
those due to health effects, include deposition on 
surfaces that results in dirty floors and windows m the 
home and office, failure of precision machinery, soiled 
and discolored art work m museums, etc Again, the 
particle diameters determine the path taken by the 
particles whether they deposit on a horizontal or 
vertical surface, remain m the airstream, or are re- 
moved by an air cleaning device 

For more information, refer to Baer and Banks 
(1985), Gardner and Fmley (1983), Nazaroff and Cass 
(1989), Okada and Matsunuma (1974), Raes et al 
(1987) and Raunemaa et al (1989) 

Aerosol formation 

General sources and mechamsms that form aerosols 
include condensation, combustion, nuclear degrada- 
tion, resuspension and spraying Condensation of 
vapors m gas streams produces small liquid particles 
Combustion results in small liquid and solid particles, 
as well as larger solid particles ^uch as soot Nuclear 



degradation results in ultra-small particles of radon 
progeny Resuspension that occurs with sweeping or 
m-breezes results m large solid particles reentenng the 
air Spraying yields medium liquid or small parUcles 

Aerosol removal 

The motion of particles is determined by the kinetic 
properties of the gas and other external forces that act 
on the particles The following physicsd phenomena 
can produce forces that result m motion, transport or 
deposition of aerosol particles gravitational andelec- 
tncal fields, drag forces, centnfugal flows, inertial 
forces, shear gradients, Conolis forces, and concentra- 
tion and thermal gradients Interfacial phenomena 
include evaporation, condensation, nucleation, adhe- 
sion and electrical charging of parUcles Evaporation 
and condensation of droplets change the size distn- 
button of the particles Evaporation reduces or elim- 
inates some particles, condensation leads to the 
growth of other particles Cntical diameter is used to 
determine which particles will grow by condensation 
This diameter depends on vapor pressure Particles 
smaller than the cntica) diameter will evaporate with 
their mass becoming available to aid m the growth of 
the larger particles 

Adhesion forces arise from particle and surface 
properties, interiace geometry andtondensed gas con- 
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stituents When small aerosol particles deposit on a 
solid surface, they usually adhere on contact due to 
these forces The adhesive force can be increased by 
particle electrostatic charge, but high humidity cain 



counteracf this effecr"Most~air<Ieamng devices use 
this property to collect particles 

The electrostatic charge associated with suspended 
particles consists of an excess or deficiency of electrons 
nr an excess of ions attached to the particle Most 



Impaction occurs when a particle collides with an 
obstacle in the flow path Smaller particles follow the 
gas flow hues around an obstacle; whereas larger 
particles, owing to their greater inertia, are unable to 
~chanp~their~dnwtionr"a5~show^^ 
terminal velocity m Fig 2, resulting in impact with the 
obstacle Thus impaction shifts the particle size dis- 
tribution toward the smaller particles Filters use this 
method <as well as others) to capture particles 



small particles have naturally acquired charges from 
electron transfer dunng contact or separation or 
because of free-ion diffusion Collision and adhesion of 
oppositely charged particles (or particles and a sur- 
face) affect sedimentation rates The maximum likely 
particle charge increases with particle diameter Elec- 



Diffusion of aerosol particles in a gas, a microscale 
mechanism, is the result of their bombardment by 
molecules of the gas (Brownian motion) Diffusion is 
seldom considered for particles larger than 1 /im m 
diameter As shown in Fig 3, the diffusion coefiknent, 
Brownian motion and mobility decrease rapidly with 



tronic air cleaners use this propcny by charging 

popti/^I^M: th<>n rnlWting them on opposite charged 



i iici easing paiticl e diamet e r Diffusi o n can r esult i n 

the deposition of particles on surfaces in addition to 



surfaces 

External forces that may act on aerosol particles 
include gravitational, electncal, thermal and molecu- 
lar forces Sedimentation, resulting from gravity, leads 
-to-particles_settling-Out_of_a_stream_onto_honzontaL 
surfaces The settling velocity of a small sphencal 
particle can be closely approximated by Stok«s' law 
and IS directly proportional to the particle diameter 
squared As the sedimentation velocity or particle size 
increases, inertial effects in the fluid become important 
and must be incorporated into the velocity calcu* 
lation Once the sedimentation velocities have been 
determined, the rate of deposition on surface due to 
sedimentation alone can be calculated Sedimentatipn 
IS an example of a macroscale mechanism The settling 
velocity, which directly relates to the number of 
particles of a given size that deposit, is shown by 
particle size m Fig 2 This figure shows that settling 
velocity and time to terminal velocity increase rapidly 
with particle size 



that caused by sedimentation and impaction Filters 
use this mechanism pnmanly to capture small par- 
ticles Figure 4 shows which forces most strongly.affect- 
the collection efficiency of a typical filter, illustrating 
the influence of particle size on which force is p redom- 
inant and on the total collection efficiency for the filter 
The most penetrating size is in the region between 
mechanisms 

In addition to these phenomena that remove par- 
ticles from a stream to a surface, particles may collide 
with each other, due in part to diffusion, and coagulate 
to form larger particles This is the process pnmanly 
responsible for the removal of very small particles 
from the air and results in a shift in the size distribu- 
tion toward the larger particle sizes 

It IS important to understand these forces in order 
to predict which particles will remain m the air long 
enough to be inhaled, resulting in potential health 
problems, and which will deposit resulting in soiling 
or damage to surfaces Knowledge of the sizes of the 
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dynamics Companson of these results to actual par- 
ticle size distnbutions will aid in the understanding of 
the specifics of indoor aerosol dynamics 

The following paragraphs present the results of a 
Uteraturelearchlumea^ 

and the sizes of particles they produce Some of the 
particles included are larger than those normally 
included as aerosols However, due to the character- 
istics of mdoor activity (eg sweeping and people 
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movmg)» larger particles (e g cat hair) that will often 
be entrained, if only for short penods, have been 
included Figure 5 shows the reported size ranges for 
many indoor particles grouped by source type Table 1 
presents a summary of the particle types and their 
sizes, as well as bnef notes on their shapes or unusual 



Fig 4 panicle removal eflluenuy as a fuuuuoii of panicle 
size for a typical fibrous filter 



particles will also enable the selection of appropnate 
air cleaning measures 



characteristics This table includes the data used tu 
£i^m>rate Fig S Note that the data are reported in 



For additional information, see Fisk et al (1987), 
Hinds (1982) and Nelson et al (1988) 

Aerosol-producing mechanisms 

Aerosols can be classified as either dispersion or 
condensation aerosols Dispersion aerosols are formed 
by mechamcally breaking up a solid or liquid through 
such processes as grinding or atomization or by 
redispcrsing a powder Condensation aerosols are 
formed when vapors condense or when a gas-phase 
reaction produces an aerosol product In general, 
dispersion aerosols are larger than condensation aero- 
sols and tend to be more polydisperse 
See Fuchs and Stugin (1964) for more information 
The particles m indoor air are produced or become 
airborne by several different mechanisms Fnction 
between moving parts or pieces of furniture will 
produce solid particles, sweeping, vacuuming and 
dusting reentram solid particles, and humidifiers and 
various sprayers produce liquid particles Smoking 
and cooking produce condensation aerosols, both 
sohd and liquid In addition to particles produced by 
these mechamsms, other not so obvious particles, such 
as radon progeny, are produced through processes 
such as nuclear degradation 

PARTICLES IN INDOOR AIR 

An important approach to assessing the indoor 
particulate contanunation problem is to identify the 
potential sources of indoor aerosols Then it is pos- 
sible to determine the sizes, phase(s) and typical 
concentrations of the particles these sources produce 
This information is necessary to determine which 
types of air cleaners will be effiaent in reducing the 
particle concentrations Also with this information, it 
is possible to begin calculations based on aerosol 



differing forms, as presented in the literature Sphencal 
particles are represented as a single average diameter 
or by a range of diameters Other shapes are given by 
average dimensions or otherwise as appropriate 
Jrable-2-summarizes_values-reported_m_the_bterature_ 
for concentrations produced by speafic sources These 
data are limited since most reports include total mass 
or total number of particles not merely those from a 
specified source 

The sources have been classified into six types 
bioaerosols (plant and animal), mineral, combustion, 
home/personal care and radioactive aerosols 

Plant aerosols . 

Bioaerosols contain particles of living ongin, either 
plant or ammal Plant particles include pollens, 
spores, molds and miscellaneous by-products Most of 
these particles will be of outdoor origin and will 
infiltrate through windows, doors, cracks and the 
heating, ventilating and air-conditioning (HVAC) sys- 
tem Of course, when plants are indoors, these par- 
ticles will be produced indoors Molds will usually be 
present indoors, as well as outdoors Plant products 
such as cornstarch will be purely of mdoor ongm and 
will be readily apparent to the occupants 

Pollen and spores are given off by plants at certam 
times of the year These particles are often too large to 
remain m the air for prolonged penods However, the 
sweeping, dusting and vacuuming that are used to 
remove them from floors and other surfaces reentrain 
a large percentage of the particles In this way even the 
larger particles can remain an aerosol problem for 
some time These types of particles present a special 
hazard as allergens For many peoplci allergic reac- 
tions greatly outweigh the potential lung deposition as 
a source of health concern 

Molds are also a naturally occurring source of plant 
particles These, however, are present all year with the 
greatest concentrations occurnng dunng, or immedi- 
ately after, wet or humid penods (either weather or 
indoors due to humidifiers, etc ) One potential source 
for high levels of indoor airborne mold is ultrasonic 
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Fig 5 Sizes of indoor particles 



humidifiers Molds may grow m the stagnant water 
left m the humidifier and then be aerosolized when the 
unit is reactivated Molds are also potential allergens 
In addition to the health problems, molds -can^be 
unsightly, will stam surfaces and may rum furniture In 
humid environments mold may grow on HVAC fil- 
ters, thus the air-cleamng system may exacerbate the 
contammation problem 

See Hinds (1982) and Ishii et al (1979) for more 
information 

Miscellaneous particles of plant ongm come from 
such sources as coffee roast soot and cornstarch These 
particles are intentionally introduced to the indoor 
environment by the occupants and cither intentionally 
or unintentionally aerosolized Cooking generates 
many particles Opening containers of finely ground 
grains results in some air contammation However, 
much of this will settle out rapidly and wet cloth clean- 
up yields less reentrainment than vacuuming or sweep- 
ing This type of source is usually confined to a small 
portion of the building, although the particles may be 
earned to the rest of the structure Nonetheless, source 
control or venting is much simpler than for pollens 
and molds 



Animal aerosols 

Bioaerosols are also produced by animals These 
particles may be very small and remain airborne for 
long penods or quite large and only remain in the air 
for short penods This type of particle includes bac^ 
tena, viruses, hair, msect parts and dandruff 

Bactena have many sources in buildings They may 
come from outdoors by air, m water, on shoes, with 
equipment, etc People transport bactena on their 
clothing, as well as in their bodies Bactena will grow 
indoors m many locations Bactena become airborne 
through many mechanisms Since they are small, 
slight breezes may pick them up People aspirate them 
as droplet nuclei House cleamng, such as sweeping, 
spreads them Toilet flushing may aerosolize them 
Bactena that grow in duct work, on filters or on fans 
are spread through the HVAC system Ultrasonic 
humidifiers spray them into the air 

For more information, refer to Amow et al (1982), 
Green and Lane (1964). Kmght (1980) and Riley 
(1982) 

Bactena present a special problem since they repro- 
duce A single bactenum or colony x:an grow to 
become a major problem Disease bactena present a 
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Table 1 Sizes of particles (hat may occur indoors 



Item 



Diameter (/an) 
Smallest Largest 



MMD 



Notes 



Phase 



Ref 



Pollens 
Amencan elm 
Bermuda grass 
black walnut 
dOYCT 



28 

227 

286 



-Plant aerosols- 

58 

315 

406 



common allergens solid 
mH^O 



52 



a 

b 
b 
c 

T" 
c 
a 
a 
d 
a 
a 
c 



com 
com 

Cottonwood 

dandehon 

general 

horse chestnut 
lamb quarters 
nrchaid gtaaa_ 



75 



10 
25 



92 



100 
14 



100 
22 
25 



258 
310 



(12-29) X (13-30) 



aqueous 
elliptical 



others 
ragweed 
rye 

Spanish moss 
sugar maple 



26 X 
OOi 



14 
14 3 



2634 



178 

150-200 X 



222 



500-750 



196 
55 

35 



Spores 

Bermuda grass smut 

cinnamon 

com rust 

fern 
fungal 
general 

Johnson grass smut 

lycoperdon 

lycopodium 

lycopodiuffl 

lycopodium 

marginal shield 

peniaUm 

puff ball 

puff ball 

rattlesnake 

wheat smut 
Molds 



Starches 

arrowroot starch 
potato starch 
nee starch 
tapioca stardi 
tea dust 
wheat starch 

Miscellaneous general 
barley grain dust 
carbon black 
cayenne pepper 
coffee 

coffee roast soot 
corncob chaff 
cornstarch 
cotton fibers 
cotton Imters 
ginger 

ground com 

flax 

hemp 

jute 

kapok 

milled flour 



51 
40 



75 
70 



spherical 
very thm 

~'can~be allergens solid" 



200* 

10 30 

58 9 

25 35 

31 38 

40 X 25 

48 86 

3 4 

18 30 



68 

209 
30 



common allergen 



sohd 
solid 



45 



10-12 Ami wide nbbons 

3 5 

7 75 

15 100 

3 30 

5 25 

<8 300 

3 100 



average 



common allergen 

sporanigophores sohd 
spores 

solid 
solid 
sohd 
sohd 
sohd 

can be allergen sohd 



b 
a 

c 

e.f 

d 

b 

b 

b 

c 

a 

a 

a 

c 

a 

a 

a 

8 

a 
a 

a 
a 
a 
a 
a 

a*8 



10 


380 




sohd 


a 


<05 


10 


most 05-4 


sohd 


a 


15 


1000 




sohd 


a 


5 


375 


several shapes 


sohd, hquid 


a . 




4 




sohd 


c 


30 


100 




sohd 


a 




30 


irregular 


sohd 


c 


8-33 X 


10-272 mm 


sohd 


a 


10-25 X 


17 mm 




sohd 


a 


24 


45 




sohd 


a 


some 25 most '^ 900 




can be allergen 


sohd 


a.g 


^n>i £30cm 






sohd 


a 


10-50x2 mm-3 cm 






sohd 


a 


15-25 X 200 /rnn-S mm 






sohd 


^ a 


10-35x2-3 cm 






sohd 


a 


I 


70 




solid 


d 
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Item 



Diameter (/an) 
Sniallest Largest 



MMD 



Notes 



Phase 



Ref 



"mustard 

puddmg mix 

sawdust 

snuff 

soybean dust 



3 

32 
3 
5 



— ^10- 
148 
640 
25 
2000 



5S% cornstarch 



-sohd- 
sohd 
sohd 
solid 
sohd 



Bacteria 






— Animal aeroaols 




nuxed 


c 


E coll 


2 


X 


14 


cyhnder 




c 


Serratia tndica 


10 


X 


20 


cylmder 




c 


Serratia marcescens 


12 


X 


20 


cylmder 




c 


B globign 


16 


X 


30 


cyhnder 




c 


Bacteria— general 


03 




30 




mixed . 


d 


Bacteriophage 












£ co/i-r-3 . 


002 




005 


sphencal 




c 


Bone dust 










sohd 


a 


Droplet nuclei*' 


OS 




5 


common allergen 


liquid 


h 


Dust mitc feces 


10 




43 24 


solid 




when disintegrated 


08 




14 




sohd 


1 


Epithehal cells 






20 




solid 


a 


(hiiman)t 










sohd 




Gelatin 


5 




90 




a 



Hair 
fruit bat 

Siamese cat type 1 

Siamese cat type 2 

dog — small 

dog— large 

mohair 

wool 

human 

rabbit type I 

rabbit type 2 
House dust mite 
Inspect parts 
Spider web 
Spray dned milk 

agglomerates 
Viruses 



to SO -I- 



50 
25 
10 
10 
10 
10 
50 
100 
5 

100 



01 
003 



70 
35 
90 
75 
90 
70 
ISO 

30 
300 



10 



can be allergens 
1-1 S cm long 
width 
width 



common allergen 
width 



sohd 



135 

-17 
-50 



005 

Mineral aerosols 



Asbestos 




OS 




< 1 wide fibnls make up 70+ wii 


Bromme 


01 


065 


Calcium 


065 


20 


Carbon dust 




SO 


from graphite 


0002 


2 


Cement dust 


3 


100 


Coal dust 


1 


100 


Clay 


01 


40 


Fertihzcr 


10 


1000 


Fiberglass 




15 


Glass wool 


3 


Ground limestone 


10 


1000 


Ground talc 


05 


50 


Iron 


36 


20 


Lead 


01 


065 


Lead dust 




2000 


Man-made mineral 


0 


fibers (MMMF) 




15 


MMMF— insulation 


3 


—textiles 


6 


20 


— special use 




<15 


5 


1000 


Metallurgical dusts 


0001 


100 


and fumes 






NH4CI fume 


01 


3 



vary 
Width 



irregular 



8 

10 



22 



25 



irregular 
chams of sphere 



diameter 
width 



length and 

diameters 

noimnal 



length 



sohd 
sohd 
sohd 
sohd 

mixed 



sohd 

solid' 

sohd 

sohd 

solid 

sohd 

solid 

solid 

solid 

solid 

solid 

sohd 

sohd 

sohd 

sohd 

sohd 

sohd 



solid 
solid 



a 
a 
a 
a 
a 
a 

ag 
a 
a 
a 

10 

a 

a 

d 

a 

d 



c 
a 
k 
k 

c 
d 
d 
c 
d 
d 

d 
d 
k 
k 
c 
I 

m 
m 
m 
a 
d 



2156 



M K OWEN et d 



Tabic 1 (contd) 



Item 



Diameter (>an) 
Smallest Largest MMD 



Notes 



Phase 



Ref 



Sacchann 
Sea salt 
Talc 

micromzed 

coarse 

Zinc 



0.03 



Mi. 



-15— 
05 



20 



25 
16 



-'^sphere- 



irregular 
irregular 



-sohd- 
sohd 
Bobd 



sohd 



Auto emissions 
Burning wood 
Channel black 
Ogarette smoke. 

mainstream 
Flammg Xmas tree . 



1 

<03 
<05 
025 



Combustion aerosols 

120+ 
>25 
100 
5 

018-037 



can be allergemc 
canbeaUergen 

volumetnc modes 



sobd, bquid 
sobd, bquid 
sobd 

sobd, bquid 
sobd, hqmd 



a 

a 
P 



Flanung cooking oil 
Fly oah 



08-04 



sphmcal and 



solid, bquid 
solid 



Fly ash 
Oil smoke 
Pulverized coal 

utility boiler 

fiue gas 
-Rosin-smoke- 



Smoldenng cook oil 
Tobacco smoke 
Wood burning in 
fireplace 

hard, softwood, fake 

Anupcrspirant 

during spray 

persistent 
Dusting aid 

during spray 

penistent 
Hair spray 

dunng spray 

persistent 
Paint 

dunng spray 

persistent 
Acetate 
Acrylic 
Air freshener 
Alkali fume 
Anti-stick spray 

1 min after 

40 nun after 

90 min after 
Fabnc protector 
Face powder 

mixture of 



Humidifier 
InsecUade dusts 
Lint plant, anunal 

and man-made fibers 
Nebulizer drops 
Nylon, bnght 
Nylon, semidull 
Paint pigments 
Paint spray dust 

individual spheres 

clumps 
Photocopier toner 



<1 
003 



-001- 



2000 
1 



irregular 



016-016 



001 



08-035 

1 

017 

Home/ personal care aerosols 

68-811 
59-727 

84-124 
64-75 

28-34 
45-62 

81-97 
71-87 



common allergen 
can be allergen 



can be allergen 



solid 

sobd, bquid 



sobd, bqmd 
_sobd,_bqwd_ 
sobd, bquid 
solid, hquid 
sobd, bquid 



r 

_d_ 

q 



20 

20 
02 
01 

055 
045 
<02 



3 
5 
6 

05 

10 
1 

20 
01 
8 

50 



30 
30 

2 

5 

2 

19 
18 



-1 
27 
30 
8 

10 

90 
20 
30 



-17 



-17 
-16 
-09 
26-4 



<25 



can be alleigen 



width 
width 

can be allergen 



can be allergemc 

talc 75% 

small clumps 

MgCO, 

emolbents 

can carry allergens 



bqwd 
bqwd 

bquid 
bquid 

liquid 
bqmd 

bquid 

bqwd 

sobd 

sobd 

bquid 

sohd 

bqwd 
bqwd 
bqwd 
bqmd 

sobd 



15 



100 
1000+ 



^15 



width 
width 

can be allergen 



can be allergenic 
bmder 



bquid 
hquid 

sobd 

bquid 

sobd 

sobd 

sobd 

aohd 
solid 



a 
a 

d 

V 
V 
V 

t 

8 
a 



d 



a 
d 
a 
a 
d 

8 
a 
a 

8 
a 
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Table 1 (contd) 



[tern 


Smallest 


Largest 


MMD 


Notes 


Phase 


Ref 






<Ui 


i 




pigment 


soiia 


a 


Polyester 


10 


15 




width 


solid 


a 


Rayon 






11 


width 


solid 


a 


Rayon, viscous 


10 


50 




width 


solid 


a 






Radioactive aerosols 








Radon progeny 


0005 


04 






solid 


w 




0001 


10 : 








X 



* Droplet nuclei produced by coughing, sneezing and talking carry the mfectious organisms 
t Dandruff is one or more epithelial cells 

(a) McCrone and Delly (1973), (b) Duke Scientific Corporation (1985), (c) Girman et al (1982), (d) Hinds (1982) (e) Burge 
and Solomon (1987), (f) Ishii et al (1979), (g) Faelten et al (1983), (h) UForce (1986), (i) Anderson and Korsgaard (1986), 
0) Acad e mic American Encyclopedia (1988)« (k) Flo c chini (1977), (i) Turiel (1985) . (m) Riley (19 8 2) , (n) Dfmnis (197fi) , (n) Raes 



et al (1987). (p) Chang et al (1985). (q) Krafthcfer and Lee (1984), (r) McElroy et al (1982), (s) Dasch (1982), (t) Mbkler et al 
(1 97 96) (U) Ga r dner and Fmley ( 1983). ( v) Higli&inith et ul (1 9 88), (w) Walsh et al (19 84 ) (x) Parkhufst et al (19 8 8) 



problem in addition to that ofnonhving aerosol since 
"thi5y~may"cause"iUness~Droplet-Tiucicrarc-in-the-size- 
range shown to have increased infectivity when aspir* 
atcd Bacterial infection may spread through an entire 
building through the very equipment intended to 
punfy the air However, in many cases bactena can be 
controlled using standard disinfectants — a disinfected 
bathroom spreads fewer bactena than one that is 
neglected Bacteria may attach to other particles and 
be transported with them 

Another animal aerosol is viruses The sources and 
problems that are explamed above for bacteria apply 
to viruses as well However, viruses are much smaller 
than bacteria, will stay airborne longer and will be less 
likely to be caught by filters In addition, some disin- 
fecting methods that would be effective against many 
bactena will not kill viruses 

See Brundage et al (1988) and Knight (1980) 

The next category m the summary table is that of 
hair Although most hairs are too big to remain 
aerosols for extended penods, they will be m the air at 
least occasionally Hairs are produced by many ani- 
mals including pets and humans They become air- 
borne as a result of falling out, tnmming and brushing 
Again certain types of cleaning, such as sweeping, 
cause these particles to become reentrained after 
settling out of the air stream In addition to inhalation 
problems, hairs are important from the allergy and 
soiling perspectives However, longer hairs are rel- 
atively easy to collect and will become trapped in a 
standard vacuum cleaner or on a filter if they remain 
airborne long enough 

Epithelial (skin) cells flake off humans and animals 
Dandruff is simply two or more epithelial cells clump- 
ed together These cells are shed as a normal part of 
growth After they are shed, they may become air- 
borne or remain on a surface The aerosolized par- 
ticles may settle out and become room dust or stay m 
the air as mhalable particles 



Insects and arachnids (the family that includes 
-spiders)-also-producc-particles— Insect-^arts-and-by — 
products can become aerosol particles These animals 
and their by-products may come from outdoors In the 
case of smaller arachnids, such as mites, the source is 
indoor infestation, usually in upholstered furniture, 
beds and dusty comers These particles enter the air 
through windows, breezes and household cleaning 
Problems presented by this type of particle include 
allergic reactions and soiling These particles may 
carry bactena or viruses that lead to disease 

One example of this, and one of the most talked 
about sources of particles at this time, is the housedust 
mite The house dust mite itself is too large to be 
readily airborne although its parts may be The house 
dust mite's feces are considered to be a major source of 
the allergic reaction some people have to indoor dust 
The fecal pellets disintegrate to form particles in the 
respirable range The most commonly recommended 
methods to reduce exposure to this allergen do not 
involve air cleaners Reduction of household humidity 
to 45% relative humidity or less is recommended to 
control the growth of mitcs, but the most stressed 
methods for reductions are frequent cleaning and 
removal of breeding grounds For persons with this 
allergy, removal of all rugs and carpets, covering beds 
with plastic sheets, frequent changing of bed linen and 
frequent floor cleaning, etc , are recommended How- 
ever, literature discussing the effectiveness of air- 
cleaning devices in controlling the allergic reaction 
was not found 

For more information see Ishu et al (1979) 

Mineral aerosols 

Mineral aerosols are produced when nonorganic 
matter is broken down by natural processes such as 
weathenng or artificial processes such as gnndmg 
Many of these particles are produced outdoors and 
enter through windows and cracks or are brought 
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indoors by occupants Other types of these particles 
are produced indoors These particles do not present 
the infection potential of the animal aerosols but may 
be carcinogenic or mutagenic They also present prob- 
lems by contaminating industnai environments and"^ 
soihng furniture, etc These particles include asbestos, 
carbons, clays, elemental particles and artificial fibers 
Asbestos, a major concern for building and health 
rare professionals, is a carcinogenic fiber, formerly 



particles m smoking environments, is an extremely 
complex substance It contains particles and organic 
compounds The liquid particles and gases may con- 
dense on filters, then outgas later This substance is 
~prcrduced"by"smoking"cigarettes,~pipesretc~Tobacco- 
smoke particles are almost all within the respirable 
range with the vast majority smaller than l/^m 
Tobacco smoke creates allergy and odor problems 
The deposition of particles may require more frequent 



used m insulation Asbestos, as an indoor air contam 
inant, occurs when the coating over asbestos insul- 
ation degrades, releasing fibers into the air and dunng 
mitigation when asbestos is removed from buildings 
The first situation requires rcsealing or removal The 
removal procedure requires special containment ap- 
paratus AsbefiiOS IS an important source uf induui au 

pnlliifirm hut iQ nnt an influential particle tvpe m the Industnai sources play a part even in indoor au: 



or extensive cleaning of drapes and furniture 

Burning wood and other heating fuels, as well as 
cooking sources, also produce particles These par- 
ticles are also mostly m the respirable range and 
should be considered in any lAQ control plan These 
sources are often difficult to eliminate as they are 
in t egral t o the occupants* comfort and hfestyle 



choosing of ventilation and air-cleanmg strategies 
since asbestos contamination must be addressed as a 
separate issue frbm routine indoor air quality 
Talc is another source of mineral-based particles 
-that-is often-indoor-m-angin_Thcse-particIesjnake_up_ 
the majonty of many types of body powders Thus, 
they are introduced into the air by the occupants at 
controllable intervals While many of these particles 
settle out of the air rapidly, others are inhaled espe- 
cially since the powders are usually used close to or 
within the breathing zone 

Man-made mineral fibers (MMMF) are used exten- 
sively in building matenals, manufactured products 
and textiles They may be manufactured from cer- 
amics, glass, rock, etc These fibers may enter with the 
outdoor air Indoors, MMMF can be generated in 
ventilation systems or when ceiling boards are dsmi- 
aged MMMF handlers have reported skin imtation, 
respiratory tract irritation and eye problems Other 
mineral particles vary greatly m size and shape, but 
need to be addressed in preventing their infiltration or 
extracting them from the air stream Again they may 
be inhaled if m the appropriate size range and can be a 
source of costly contamination to sensitive equipment 

Combustion aerosols 

Combustion aerosols are produced by burmng 
Among the sources of this type of particle are cigar- 
ettes and other tobacco products, cooking sources, 
heating appliances and industrial plants These par- 
ticles are produced m a gas stream and are lifted by the 
hot air into the surrounding environment Particles 
produced outdoors may enter through windows, 
doors, cracks or the HVAC system Most of these 
particles are in the respirable range and need to be 
taken into consideration when desigmng an air quality 
control system These sources are frequently con- 
sidered for individual source venting, e g the chimney 
for the fireplace and the hood for the range These 
particles are a major source both of outdoor and 
indoor particles 
Tobacco smoke, as the leading source of aerosol 



These sources may pollute the ambient air in some 
regions to the extent that they contnbute noticeably to 
the indoor particle counts In these cases tight controls 
on inlet air are important mcludmg filtration of the 
ambi ent air as it enters the HVAC system 



Home/personal care aerosols 

These products, including antiperspirants, dusting 
aids and hair sprays, are mostly sprays used in the 
home These products are designed to produce par- 
ticles m order to deliver a product Note that in Tables 
1 and 2 sizes are reported as a range of MMDs, 
therefore, the sizes m the distribution may vary con- 
siderably from these numbers These products pro- 
duce a relatively small amount of mass but do so m a 
short penod of time so that the imtial concentration is 
quite high Since most of the use of these products is in 
the breathing zone, the dose delivered may be quite 
high One of the problenis pecuhar to this type of 
aerosol is that these products are often designed to 
stick to surfaces When this occurs to unintended 
surfaces, it often results in cleaning problems The 
smaller particles become part of the circulating air 
stream 

Humidifiers are a relatively recent source of con- 
cern Research has shown that, along with the water 
droplets that are the intended output of humidifiers, 
these devices produce mineral and living aerosol par- 
ticles Most of the minerals dissolved in tap water can 
become aerosol particles, possibly aggravating the 
health conditions that the units were intended to help 
Fungus and bactena may grow in the units and 
become aerosols The vaporizer type of humidifier 
produces fewer of these living particles In addition to 
the health nsks involved with both living and mineral 
aerosols, these particles may cause soiling of walls and 
floors Deiontzed, dtsulled or at least filtered water is 
recommended for use in these units 

The other products m this -category arc sources 
found indoors after certain activities which can to 
some extent be controlled or at least monitored Still, 
all are considered necessary at times and present 
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health hazards by their chemical nature in addition to 
the particle size lAQ control strategies need to be 
adjusted whenever these sources are to be introduced 



-Radtoactive-aerosols 

Radioactive aerosols are introduced into the indoor 

environment when radon enters through cracks in the 
basement or floor, in the water, and from exposed rock 
or sumps Radon decays to form radon progeny 



Chang P T, Peters L K and Ueno Y (1985) Particle size 
distribution of mainstream cigarette smoke and undergo- 
ing dilution Aerosol Set Technol 4, 19U207 

Dasch J M (1982) Particulate and gaseous emissions from 
wood»bum i ng fir eplaces En vir Sci Technol 16 



Dennis R (ed ) (1$76) Hwdhook on Aerosols Technical 
Information Center, Energy Research Development Ad- 
mimstration 

Duke Scientific Corporation (1985) Bulletin 83. Palo Alto, 
CA 

Faelten S and the editors of Prevention magazinr (1Q8^) The 



through nuclear degradation These particles are ultra 
small and may attach to larger particles 



SUMMABY 



Understan d ing in d o o r a eroso l s i s important s o that 



Allergy Self-Help Book Rodalc Press, Emmaus, PA 
Fisk W J , Spencer R K , Gnmsrud D T , Oflferman F J 
Pedersen B and Sextro R (1 987) Indoor air quality control 
techniques Noyes Data Corporation, Park Ridge, NJ 
Flocchim R G (1977) quoted by Alzona j, Cohen B L, 
Rudolph H , Jow H N and Frohhnger J (1979) in Indoor- 
outdoor relationships for airborne particulate matter 
outdoor ongm Atmo^phen t, Envir o nment 13, SS-60 . 



control techniques may be implemented to reduce 
damaging health effects and soiling problems A bnet 
look at the mechanics of deposition in the lungs and 
on surfaces shows that particle diameters must be 
known to predict dose or soihng and to determine 
efficient mitigation devices Particle sizes produced by 
the vanourindoor sources, as well as unusual aspects 
of each type of source must be known so that this 
process may begin 

There are several types of indoor particles plant 
and animal bioaerosols and mineral, combustion and 
home/personal care aerosols These types may be 
produced indoors or outdoors, entering through 
building openings The sources may be short term, 
seasonal or continuous Particle sizes produced vary 
from submicrometer to larger than 10 /zm The par- 
ticles may be toxic, allergenic or neutral All of these 
particles contribute to the indoor aerosol problem 
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